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EXECUTIVE SUMMARY

The Wabash River Coal Gasification Repowering Project (WRCGRP, or Wabash Project) is a
joint venture of Destec Energy, Inc, of Houston, Texas and PSI Energy, Inc. of Plainfield,
Indiana, who have jointly repowered an existing 1950’s vintage coal fired steam generating plant
with coal gasification combined cycle technology. The Project is located in West Terre Haute,
Indiana at PSI’s existing Wabash River Generating Station. The Project processes locally mined
Indiana high sulfur coal to produce 262 megawatts of electricity.

PSI and Destec are participating in the Department of Energy Clean Coal Technology Program to
demonstrate coal gasification repowering of an existing generating unit affected by the Clean Air
Act Amendments. As a Clean Coal Round IV selection, the project will demonstrate integration
of an existing PSI steam turbine generator and auxiliaries, a new combustion turbine generator,
heat recovery steam generator tandem, and a coal gasification facility to achieve improved
efficiency, reduced emissions, and reduced installation costs.

Reaching completion in 1995, the Project represents the largest coal gasification combined cycle
power plant in the United States. Its design allows for lower emissions than other high sulfur coal
fired power plants and resultant heat rate improvement of approximately 20% over the existing
plant configuration.

Key objectives for 1997 centered primarily on meefing or exceeding contractual performance
capacity while continuing to advance the technology through operational procedure development
and equipment and engineering upgrades. Of those key objectives, several critical factors were
identified for 1997. Those were:
¢ Meet guarantee for proforma syngas production or better the contract capacity.
s Extend operational campaigns to 90 days through improvements in
o Deposition control

e Dry Char reliability

¢ Reduce the number of unplanned outages (a total of 51 were recorded for 1996) and
reduce downtime hours attributable with each “area” of operations (Appendix D)

o Perform a successful alternate fuel test

+ Reduce nitrogen consumption in the gasification process to match production within
the Air Separation Unit.
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trips off of coal operation (47 total), 33 were directly attributable to the gasification process. 25
of the 33 were due to mechanical difficulties in the process while 18 were directly attributable to
instrumentation or electrical difficulties. The Combustion Turbine (CT) operated for over 3,700
hours on coal generated synthetic gas yielding an increase from 1996 production of over 227%.
Total by-product sulfur production increased 269% with over 4,450,000 lbs produced compared
to approximately 1,129,000 Ibs in 1996. In addition to reaching these record production figures,
the Wabash Project achieved several significant operational milestones in 1997, including:

Successful swap to spare gasifier

Improved dry char filtration through use of metal elements

Installation of three (3) new heat exchangers to improve heating and cooling of dry
char and catalyst systems during shutdown and startup

Instaliation of improved wind proof pilots on flare system to improve reliability of
continuous flame on flare

Installation of new flare tip to reduce ambient noise during startup and/or emergency
trips of the combustion turbine off of syngas

Installation of 180 degree ell designed to improve flow and limit deposition from the
gasifier second stage through the post resident vessel.

Completed first operational run on an alternate fuel (petroleum coke) processing
approximately 18,000 tons of petcoke while operating approximately 221 hours.
Gasification plant operated on coal 3,885 houts producing 6,214,864 MMbtu’s of
syngas.

Combustion turbine operated on syngas for 3,701 hours.

Completion of the first comprehensive environmental testing of the facility while
operating on-coal with maximum power output (second quarter). (See Appendix E).

Major milestones and activities projected for 1998 include evaluation of the new project
installations, performance monitoring of the Dry Char Recovery System filtration efficiency,
continued focus on gasifier operations and continued demonstration of the commercial viability of
the project.

#DE-FC21-92MC28310 2



INTRODUCTION

In September 1991 the United States Department of Energy (DOE) selected the Wabash River
Coal Gasification Repowering Project (WRCGRP) for funding under the Round I'V of the DOE’s
Clean Coal Technology Program. This was followed by nine months of negotiations and a
congressional review period. The DOE executed a Cooperative Agreement on July 28, 1992.
The project’s sponsors, PSI Energy, Inc., and Destec Energy, Inc., will demonstrate, in a fully
commercial setting, coal gasification repowering of an existing generating unit affected by the
Clean Air Act Amendments (CAAA). The project will also demonstrate important advances in
Destec’s coal gasification process for high sulfur bituminous coal. After receiving the necessary
state, local and federal approvals, this project began construction in the third quarter of 1993 and
commercial operations in the third quarter of 1995. This facility has a planned three-year
demonstration period and 22 year operating period (25 years total).

The Wabash River Coal Gasification Repowering Project is a joint venture of Destec and PSI
Energy, who have developed, designed, constructed, own and now operate a coal gasification
facility and a combined cycle (CGCC) power plant (respectively). Coal gasification technology,
originally developed by The Dow Chemical Company and owned by Destec, was used to repower
Unit 1 of PSI’s Wabash River Generating Station in West Terre Haute, Indiana. The CGCC
power plant produces a nominal 262 net megawatts (MWe) of clean, energy efficient capacity for
PSI’s customers. In the repowered configuration, PSI and its customers can additionally benefit
because this project can enhance PSI’s compliance plan under the CAAA regulations. The project
utilizes locally mined high sulfur coal and represents the largest CGCC power plant in operation in
the United States. This plant is also designed to emit significantly lower emissions than most other
high sulfur coal fired power plants.

BACKGROUND INFORMATION

Project Inception and Objectives

Public Law 101-121 provided $600 million to conduct cost-shared Clean Coal Technology (CCT)
projects to demonstrate technologies that are capable of replacing, retrofitting, or repowering
existing facilities. To that end, a Program Opportunity Notice (PON) was issued by the
Department of Energy in January 1991, soliciting proposals to demonstrate innovative energy
efficient technologies that were capable of being commercialized in the 1990°s. These
technologies were to be capable of: (1) achieving significant reductions in the emissions of sulfur
dioxide and/or nitrogen oxides from existing facilities to minimize environmental impacts such as
transboundary and interstate pollution and/or; (2) providing for future energy needs in an
environmentally acceptable manner.

In response to the PON, 33 proposals were received by the DOE in May 1991. After evaluation,
nine projects were selected for award. These projects involved both advanced and pollution
control technologies that can be “retrofitted” to existing facilities and “repowering” technologies
that not only reduce air pollution but also increase generating plant capacity and extend the
operating life of the facility.

#DE-FC21-92MC28310 3



One of the nine projects selected for funding is the project proposed by the Wabash River Coal
Gasification Repowering Project Joint Venture. This proposal (a Joint Venture between Destec
Energy, Inc. of Houston, Texas and PSI Energy, Inc. of Plainfield, Indiana) requested financial
assistance from DOE for the design, construction, and operation of a nominal 2500 ton-per-day
(262 MWe) two-stage, oxygen-blown, coal gasification combined cycle (CGCC) repowering
demonstration project. The project, named the Wabash River Coal Gasification Repowering
Project, is located at PSI’s Wabash River Generating Station in West Terre Haute, Indiana. The
project location and site are shown in Figures 1, 2, 3, and 4. The demonstration project utilizes
advanced coal gasification technology in a commercial repowering setting to repower an existing
generating unit affected by the Clean Air Act Amendments of 1990. Sulfur emissions from the
repowered generating unit will be reduced by greater than 90%, while at the same time increasing
electrical generating capacity over 150%. The project, including the demonstration phase, will
last 79 months. The DOE’s share of the project cost will be $219 million.

The CGCC system consists of: (See Figures 5 & 5A)

e Destec’s oxygen-blown, entrained flow, two stage coal gasifier, which is capable of
utilizing high sulfur bituminous coal;
An air separation unit;
A gas conditioning system for removing sulfur compounds and particulate;
Systems or mechanical devices for improved coal feed and all necessary coal handling
equipment;

¢ A combined cycle power generation system wherein the gasified coal syngas is combusted
in a combustion turbine generator;

¢ A heat recovery steam generator.

The result of repowering is a CGCC power plant with low environmental emissions (SO, of less
than 0.25 lbs/MMbtu and NO, of less than 0.1 1b/MMbtu) and high net plant efficiency. The
repowering increases unit output, providing a total CGCC capacity of nominal 262 MWe. The
Project demonstrates important technological advancements in processing high sulfur bituminous
coal.

In addition to the joint venture members, PSI and Destec, the Phase Il project team included
Sargent & Lundy, who provided engineering services to PSI, and Dow Engineering, who
provided engineering services to Destec.

The potential market for repowering with the demonstrated technology is large and includes many
existing utility boilers currently fueled by coal, oil, or natural gas. In addition to greater, more
cost effective reduction of SO, and NO, emissions attainable by using the gasification technology,
net plant heat rate is improved. This improvement is a direct result of the combined cycle feature
of the technology, which integrates a combustion topping cycle with a steam bottoming cycle.
This technology is suitable for repowering applications and can be applied to any existing steam
cycle located at plants with enough land area to accommodate coal handling and storage and the
gasification and power islands.

#DE-FC21-92MC29310 4



One of the project objectives is to advance the commercialization of coal gasification technology.
The electric utility industry has traditionally been reluctant to accept coal gasification technology
and other new technologies as demonstrated in the U.S. and abroad because the industry has no
mechanism for differentiating risk/return aspects of new technologies. Ultility investments in new
technologies may be disallowed from rate-base inclusion if the technologies do not meet
performance expectations. Additionally, the rates of return on these are regulated at the same
level as established lower risk technologies. Therefore, minimal incentives exist for the utility to
invest in, or develop, new technologies. Accordingly, most of the risk in new technologies has
traditionally been assumed by the supplier.

The factors described above are constraints to the development of, and demand for, clean coal
technologies. Constraints to development of new technologies also exist on the supply side.
Developers of new technologies typically self-finance or obtain financing for projects through
lenders or other equity investors. Lenders will generally not assume performance and operational
risks associated with new technology. The majority of funds available from lending agencies for
energy producing projects are for technologies with demonstrated histories in reliability,
maintenance costs and environmental performance. Equity investors who invest in new energy
technologies also seek higher returns to accept risk and often require the developer of the new
technology to take performance and operational risks.

Consequently, the overall scenario results in minimum incentives for commercial size
developments of new technologies. Yet without the commercial size test facilities, the majority of
the risk issues remain unresolved. Addressing these risk issues through utility scale demonstration
projects is one of the primary objectives of DOE’s Clean Coal Technology Program.

The Wabash River Coal Gasification Repowering Project was developed in order to demonstrate
the Destec Coal Gasification Technology in an environment, and at such a scale, as to prove the
commercial viability of the technology. Those parties affected by the success of this Project
include the coal industry, electric utilities, ratepayers, and regulators. Also, the financial
community, who provides the funds for commercialization, is keenly interested in the success of
this project. Without a demonstration satisfying all of these interests, the technology will make
little advancement. Factors of relevance to further commercialization are:

e The Project scale (262 MWe) is compatible with all commercially available advanced gas
turbines and thus completely resolves the issue of scale-up risks.

o The operational term of the Project is expected to be approximately 25 years including the
DOE demonstration period of the first 3 years. This should alleviate any concerns that the
demonstration does not define a fully commercial plant from a cost and operational
viewpoint.

e The Project dispatches on a utility system and is called upon to operate in a manner similar
to other utility generating units.

#DE-FC21-92MC20310 5



e The Project operates under a service agreement that defines guarantees of environmental
performance, capacity, availability, coal to gas conversion efficiency and maximum
auxiliary power consumption. This agreement serves as a model for future
commercialization of the Destec Coal Gasification Technology and defines the fully
commercial nature of the Project.

o The Project is designed to accommodate most coals available in Indiana and typical of
those available to Midwestern utilities, thereby enabling utilities to judge fuel flexibility.
The Project also enables testing of varying coal types on support of future
commercialization of the Destec Coal Gasification Technology.

Plant Description

The Wabash River Coal Gasification Repowering Project Joint Venture participanis developed
and separately designed, constructed, own, and currently operate the syngas and power
generation facilities making up the CGCC facility. Coal Gasification technology owned by
Destec, is used to repower one of six units at PSI’s Wabash River Generating Station in West
Terre Haute, Indiana. The Project will operate under a 25 year contact. In the repowered
configuration, PSI and its customers additionally benefit because of the role the Project plays in
PSI’s Clean Air Act compliance plan. The CGCC power plant produces 262 MWe of clean,
energy efficient, cost effective capacity for PSI’s customers. An additional economic benefit of
the State of Indiana is that the project not only represents the largest CGCC power plant in
operation, but also emits lower emissions than other large, high sulfur coal fired power plants.

The gasification process can be described in the following manner: (see Figures 6 and 7): Coal is
ground with water to form a shurry and then pumped into a gasification vessel where oxygen is
added to form a hot, raw gas through partial combustion. Most of the non-carbon material in the
coal melts and flows out the bottom of the vessel as slag (a black, glassy, non-leaching, sand-like
material). The hot, raw gas is then cooled in a heat exchanger to generate high-pressure steam.
Particulates, sulfur, and other impurities are removed from the gas to make acceptable fuel for the
gas turbine. The gasification process by-products, sulfur and slag, will be sold thus mitigating the
waste disposal problems of competing technologies.

The synthetic fuel gas (syngas) is piped to a combustion turbine generator, which produces
approximately 192 MWe of electricity. A heat recovery steam generator recovers gas turbine
exhaust heat to produce high-pressure steam. This steam and the steam produced in the high
temperature heat recovery unit {(HTHRU) in the gasification process supply an existing steam
turbine generator in PSI’s plant to produce an additional 104 MWe. The net plant heat rate for
the entire new and repowered unit is approximately 9,000 Btw/kWh (Higher Heating Value or
HHYV), representing an improvement of approximately 20% over the existing unit. The project
heat rate is among the lowest of commercially operated coal fired facilities in the United States.

#DE-FC21-92MC29310 6



The Destec Coal Gasification process was originally developed by The Dow Chemical Company
during the 1970’s in order to diversify its fuel base. The technology being used at Wabash is an
extension of the experience gained from pilot plants and the full-scale commercial facility,
Louisiana Gasification Technology, Inc., (LGTI) which operated from April 1987 until November
1995.

In order to generate data necessary for commercialization, the Joint Venture has chosen a very
ambitious approach for incorporation of novel technology in the project. This approach is
supported by PSI’s desire to have another proven technology alternative available for future
repowering or new base load units. Destec desires to enhance its competitive position relative to
other clean coal technologies by demonstrating new techniques and process enhancements as well
as gain information about operating cost and performance expectations. The incorporation of
novel technology in the project will enable utilities to make informed commercial decisions
concerning the utilization of Destec’s technology, especially in a repowering application.

New enhancements, techniques and other improvements included in the novel technology
envelope for the project are as follows:

e A novel application of integrated coal gasification combined cycle technology will be
demonstrated at the project for the first time — repowering of an existing coal fired
power generating unit. :

¢ The coal fuel for the project is high sulfur bituminous coal, thus demonstrating the
environmental performance and energy efficiency of Destec’s advanced two-stage coal
gasification process. Previous Destec technology development has focused on lower
rank, more reactive coals.

¢ Hot/Dry particulate removal/recycle will be demonstrated at full commercial scale
by the project. Destec’s plant, LGTI, utilized a wet scrubber system to remove
particulates from the raw syngas.

Other coal gasification process enhancements included in the project to improve the efficiency and
environmental characteristics of the system are as follows:

» Syngas Recycle provides fuel and process flexibility while maintaining high efficiency.

¢ A High Pressure Boiler cools the hot, raw gas by producing steam at a pressure of
1,600 pounds per square inch absolute (psia).

e The Carbonyl Sulfide (COS) Hydrolysis system incorporated at the project is

Destec’s first application of this technology. This system is necessary to attain the
high percent removal of sulfur at the project.

#DE-FC21-92MC28310 7



o The Slag Fines Recycle system recovers most of the carbon present in the slag by-
products stream and recycles it back for enhanced carbon conversion. This also
results in a high quality slag by-product.

s Fuel Gas Moisturization is accomplished at the project by the use of low level heat in
a concept different from that used by Destec before. This concept reduces the steam
injection required for nitrous oxide (NO,) control in the combustion turbine.

s Sour water, produced by condensation as the syngas is cooled, is processed differently
from the method used at LGTI. This novel Sour Water System, used at the project,
allows more complete recycling of this stream, reducing waste water and increasing
efficiency.

e An oxygen plant producing 95 percent pure oxygen is used by the project. This
increases the overall efficiency of the project by lowering the power required for
production of oxygen.

o The power generation facilities included in the project incorporates the latest
advancements in combined cycle system design while accommodating design
constraints necessary to repower the existing Unit 1 steam turbine.

o The project incorporates an Advanced Gas Turbine with a new design compressor
and higher-pressure ratios.

¢ Integration between the Heat Recovery Steam Generator (HRSG) and the
Gasification Facility has been optimized at the project to yield higher efficiency and
lower operating costs.

¢ Repowering of the Existing Steam Turbine involved upgrading the unit in order to
accept increased steam flows generated by the. HRSG. In this manner, the cycle
efficiency is maximized because more of the available energy in the cycle will be
utitized.

#DE-FC21-92MC28310 8



The gasification/repowering approach offers the following advantages as compared to other
options:

e This is a viable alternative that will add life to existing oider units. The primary
assumption, however, is that reasonable life exists in the steam turbine to be
repowered. If reasonable life exists in the steam turbine, the approach eliminates the
need for refurbishment of much of the high wear components of conventional
pulverized coal units. Three such items are the boiler, coal pulverizers and high energy
piping systems.

o This approach is an alternative for Clean Air Act compliance compared with the
traditional scrubber approach. Although space constraints are similar for the installed
facility, waste storage requirements are smaller due to salable by-products in lieu of
onsite storage of scrubber sludge.

o This approach provides a use for high sulfur coal. This is particularly important in
areas such as Indiana where high sulfur coal is abundant and provides a substantial
employment base.

Project Management

The WRCGRP Joint Venture established a Project Office for the execution of the project. The
Project Office is located at Destec’s corporate offices in Houston, Texas. All management,
reporting, and project reviews for the project are carried out as required by the Cooperative
Agreement. The Joint Venture partners, through a Joint Venture Agreement, are responsible for
the performance of all engineering, design, construction, operation, financial, legal, public affairs,
and other administrative and management functions required to execute the project. A Joint
Venture Manager has been designated as responsible for the management of the project. A Joint
Venture organization chart is shown as Figure 8. The Joint Venture Manager is the official point
of interface between the Joint Venture and the DOE for the execution of the Cost Sharing
Cooperative Agreement. The Joint Venture Manager is responsible for assuring that the Project
is conducted in accordance with the cost, schedule, and technical baseline established in the
Project Management Plan (PMP) and subsequent updates.

Major Activities and Milestones

The Project Cooperative Agreement was signed on July 28, 1992, with an effective date of
August 1, 1992, Under the terms of the Cooperative Agreement, Project activities are divided
into three phases:

e Phasel Engineering and Procurement

e Phase Il Construction and Startup
¢ Phase IIl Demonstration

#DE-FC21-92MC29310 o]



In addition, for purposes of the Cooperative Agreement, the Project is divided into three
sequential Budget Periods. The expected duration of each budget period is as follows:

o Budget Period 1 10 months
¢ Budget Period 2 27 months
¢ Budget Period 3 39 months

The Project Milestone Schedule is provided in Figure 9.

Phase 1 Activities — Engineering and Procurement

Under the provisions of the Cooperative Agreement, the work activity in Phase I (engineering and
procurement) focused on detailed engineering of both the syngas and power plant elements of the
project which included design drawings, construction specifications and bid packages, solicitation
documents for major hardware and the procurement. Site work was undertaken during this time
period to meet the overall construction schedule requirements. The Project Team includes all
necessary management, administrative and technical support.

The activities completed during this period were those necessary to provide the design basis for
construction of the plant, including capital cost estimates sufficient for financing, and all necessary
permits for construction and subsequent operation of the facility.

The work during Phase I can be broken down into the following main areas:

¢ Project Definition Activities
+ Plant Design
e Permitting and Environmental Activities

Each of these activities is briefly described below. All Phase [ activities were complete by 1993.

Project Definition Activities

This work included the conceptual engineering to establish the project size, installation
configuration, operating rates and parameters. Definition of required support services, all
necessary permits, fuel supply, and waste disposal arrangements were also developed as part of
the Project Definitions Activities. From this information the cost parameters and projects
economics were established (including capital costs, project development costs and operation and
maintenance costs). Additionally, all project agreements necessary for construction of the plant
were concluded. These include the cooperative agreement and the gasification services
agreement.

#DE-FC21-92MC29310 10



Plant Design

This activity included preparation of design and major equipment specifications along with plant
piping and instrumentation diagrams (P&ID’s), process control releases, process descriptions, and
performance criteria. These were prepared in order to obtain firm equipment specifications for
major plant components, which established the basis for detailed engineering and design.

Permitting and Environmental Activities

During Phase I, applications were made and received for the permits and environmental activities
necessary for the construction and subsequent operation of the project. The major project permits
included:

¢ Indiana Utility Regulatory Commission — The state authority reviewed the project (under
a petition from PSI for a Certificate of Necessity) to ensure the project will be beneficial to
the state and PSI ratepayers. The technical and commercial terms of the project were
reviewed in this process.

¢ Air Permit — This permit details the allowable emission levels for air poliutants from the
project. It was issued under standards established by the Indiana Department of
Environmental Management (IDEM) and the Environmental Protection Agency (EPA)
Region V. This permit also included within it the authority to commence construction.

e NPDES Permit — This permit details and controls the quality of waste water discharge
from the project. It was reviewed and issued by the Indiana Department of Environmental
Management. For this project it will be a modification of the existing permit for PSI's
Wabash River Generating Station.

¢ NEPA Review — The National Environmental Policy Act review was carried out by the
DOE based on project information provided by the participants. The scope of this review
is comprehensive in addressing all environmental issues associated with potential project
impacts on air, water, terrestrial, quality, health and safety, and socioeconomic impacts.

#DE-FC21-92MC29310 11



Miscellaneous permits and approvals necessary for construction and subsequent operation of the
project included the following.

» FAA Stack Height/Location Approval
Controlling Authority: Federal Aviation Administration

* Industrial Waste Generator
Controlling Authority: Indiana Department of Environmental Management

o Solid Waste
¢ FCC Radio License
¢ Spill Prevention Plan

s  Wastewater Pollution Control Device Permit
Controlling Authority: IDEM

Phase II Activities — Construction

Construction activities occurred in Phase II and included the necessary construction planning and
integration with the engineering and procurement effort. Planning the construction of the project
began early in Phase I. Separate on-site construction staffs for both Destec and PSI were
provided to focus on their respective work for each element of the Project. Construction
personnel coordinated the site geotechnical surveys, equipment delivery, storage and lay down
space requirements. The construction activities included scheduling, equipment delivery, erection,
contractors, security and control.

The detail design phase of the project includes engineering, drawings, equipment lists, plant
layouts, detail equipment specifications, construction specification, bid packages and all activities

necessary for construction, installation, and startup of the project.

Performance and progress during this period was monitored in accordance with previously
established baseline plans. There were no Phase II activities conducted during this period.

#DE-FC21-92MC29310 , 12



Phase ITI Activities — Demonstration Period

Phase III consists of a three year demonstration period. The operation effort for the project
began with the development of the operating plan including integration with the early engineering
and design work of the project. Plant operation input to engineering was vital to assure optimum
considerations for plant operations and maintenance and to assure high reliability of the facilities.
The operating effort continued with the selection and training of the operating staffs, development
of the plant operations manuals, the coordination of the startup with the construction crew,
planning and execution of plant commissioning, the conduct and documentation of the plant
acceptance test and continued operation and maintenance of the facility throughout the
demonstration period.

Phase IIT activities are intended to establish the operational aspects of the. project in order to
prove the design, operability and longevity of the plant in a fully commercial utility environment.

Budget Periods

For ease of administration, the Project is divided into three subsequent budget periods with
expected durations of: ‘

e Budget Period 1 9 months
« Budget Period 2 26 months
s Budget Period 3 39 months

Budget Period 1 activities include pre-DOE award and project definition tasks, preliminary
engineering work, and permitting activities. Budget Period 2 activities include detailed
engineering, procurement, construction, pre-operations training tasks, and startup. Budget Period
3 activities include the three-year demonstration period. The budget period costs were originally
projected and revised as follows:

Original Revised
Budget Period 1
DOE Share $43,175,801 $21,864,591
Budget Period 2
DOE Share $102,523.632 $144,934,842
Budget Period 3
DOE Share $52,300,567 $52,300,567
Total $198,000,000 $219,100,000
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ACTIVITIES DURING 1997

A current Project schedule, indicating milestone dates and current status, is provided as Figure 10.
1997 Phase 111 Activities — Demonstration Period

The plant processes are broken down by area to better describe the activities during 1997 and
focus on the accomplishments and areas identified as “opportunities for improvement”. Each area

is preceded by a graphic representation of the process along with a general process description.

COAL PREPARATION AND SLURRY AREA

The diagram at left depicts the process
of coal slurry preparation. PSI has the
responsibility of delivering coal and
transporting it to the feed hopper. Coal

rrana enters the feed hopper then is fed to the
froen oo rod mill via a weigh belt feeder. In
= 1997 all of the coal processed

SOUR WATER ® SLURRY
TREATMENT WATER

s originated from the Hawthorne mine in
Indiana. The coal is mixed with
STORAGE | SLIRRY. (5 cagricarion . .

limestone (less than 3%) at the mine
site, which is added as a fluxing agent
to enhance slag flow characteristics in the gasifier. Treated water recycled from other areas of the
gasification process is added to the coal at a controlled rate to produce the desired slurry solids
concentration of approximately 62%. - The use of a wet rod mill reduces potential fugitive
particulate emissions from the grinding operations. Collection and reuse of water within the
gasification process minimizes water consumption and effluent wastewater volume.

The slurry is then stored in an agitated tank, which is sufficiently large to supply the gasifier needs
during forced rod mill outages. Most expected maintenance requirements of the rod mill and
storage tank can be accomplished without interrupting gasifier operation.

All tanks, drums, and other areas of potential atmospheric exposure of the product slurry or
recycle water are covered and vented into the tank vent collection system for vapor emission
control. The entire slurry preparation facility is paved and curbed to contain spills, leaks, wash
down, and rain water. All runoff will be carried by a trench system to a sump where it will be
pumped into the recycle water storage tank to be reused in the coal slurry preparation system.
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Primary coal characteristics, which effect operation of the gasifier include the following:

Ash Content
Sulfur
Carbon
Hydrogen
Nitrogen
Oxygen

The following table illustrates the average values for these constituents in 1997 while also
outlining the variability that was encountered during the year:

| Constituent | Average I High | ~ Low B
Ash, % 12.93 13.92 10.6
Sulfur, % 2.57 2.88 2.11
Carbon, % 70.15 73.96 55.18*
Hydrogen, % 4.84 5.01 3.92
Nitrogen, % 1.32 1.7 ' 91

| Oxygen, % 8.13 11.26 6.64

*Single analysis of a single coal shipment received by PSI and is not to be consider normal or of statistical significance.

The rod mill is designed to crush the coal to a desired particle size to ensure stable “shurryability”
and optimum carbon conversion in the gasifier. Continuous operation during production
gradually decreases the diameter of the rods, which eventually effects particle size distribution.
Particle size is strictly an optimization tool and does not dictate overall plant operation. During
the first quarter of 1997, additional rods were added to the rod mill to facilitate proper particle
size distribution. This was the first rod addition to the mill since beginning operation in 1995 after
approximately 2000 hours of operation. This rod charge was not considered outside of the design
equipment life of the rods based on grindability and makeup of the coal. The primary problems
encountered in this area in 1997 centered around the foreign material in the coal which created
excessive rod mill wear and tear, especially on the trommel screen, which is designed to prevent
oversized particles and debris from entering the coal slurry feed tank. During the second quarter
of the year an excessive quantity of oversized limestone and other foreign material (e.g. metal
objects) entered the mill causing an excess of large particles in the slurry (objects that lodge
themselves between the rods during milling creates ineffective crushing of the coal). This foreign
material created a hole in the trommel screen allowing the oversized foreign material to pass to
the slurry storage tank. This material eventually ended up partially plugging the check valves to
the slurry feed pumps resulting in a plant shutdown due to fluctuations in slurry feed to the
gasifier. Fluctuations in slurry feed created slag flow problems in the gasifier, which eventually
led to plugging of the taphole. Foreign material in the coal continued to be a problem in the third
quarter, which prompted discussions of this problem with the mine operators. It appears, through
mining/blending operations and coal handling upgrades (magnetic separators on the belt feeder),
that the situation has been resolved. There were no further problems realized in this area during
the fourth quarter.
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In 1997 a total of over 387,000 tons of coal was processed through the rodmill. An additional
18,000 tons of petroleum coke (petcoke) was also processed during a trial run late in the fourth
quarter. Slurry fed from the shury feed tank to the gasifier accounted for approximately
8,910,111 MMBtu’s based on the average Btu value (dry) of the Hawthorne coal of 12,652
Btwlb with petcoke having an average Btu value (dry) of 15,353 Btwlb . Minor constituent
concentrations in the shury can be found in Table 2-9 (Coal Slurry Analysis Summary) in
Appendix E — Environmental Testing.

Petroleum coke constituents, while having a higher Btu value and lower ash content than
Hawthorne coal, had to be blended with coal generated slag to enhance slag flow characteristics
(coal generated slag was used as a fluxing agent). Its effect on gasifier operation will be discussed
later in this report. The average value for the primary constituents (dry basis) in petcoke are
illustrated below:

r Constituent | Average l High I Low ]
Ash, % 0.52 0.75 0.39
Sulfur, % 517 5.27 5.05
Carbon, % 87.49 89.03 82.52
Hydrogen, % 2.74 3.08 2.49
Nitrogen, % 0.99 1.05 0.93
Oxygen, % - 3.08 3.19 1.15

AIR SEPARATION UNIT (ASU)

The Air Separation Unit (ASU),
depicted at left, contains: an air

compression  system; an air
purification and cryogenic
m, TN ATION distillation systern; an oxygen
o vesL ) compression system; and a nitrogen
storage and handling system.
L@y cuancaron Atmospheric air is compressed in a

SULFUR

RECOVERY centrifugal machine then cooled in a
chiller tower to approximately 40
degrees F. The cooled air is then
purified through molecular sieve absorbers where atmospheric contaminants (H,O, CO,,
hydrocarbons, etc.) are removed to prevent contaminants from freezing during cryogenic
distillation. The dry, carbon dioxide-free air is separated into 95% purity oxygen, high purity
nitrogen, and waste gas in the cryogenic distillation system (cold box). The gasecous oxygen is
compressed in a six-stage centrifugal compressor and fed to the gasifier. Liquid nitrogen is also
produced in the cold box with a portion being vaporized for use as gaseous nitrogen in the
gasification system and the balance being liquefied and stored for use during ASU plant outages.
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In 1996, the facility identified a shortcoming in the production of nitrogen when matched with
typical nitrogen demand. It was noted, especially during start-up operations, that supplemental
nitrogen had to be brought in, via truck, to facilitate start-up of the gasification island. In 1997,
operational procedures were carefully checked and high end users were identified to help optimize
the balance of nitrogen production versus consumption. Several key areas were identified as
possible high end users. Those were:

e .. the heat up process utilized by the dry char filtration system and the heat up of the
Carbony! Sulfide (COS) catalysis process (due to the inherent need to keep these
systems oxygen free to prevent exothermic reactions from occurring in the COS beds
and to limit corrosive activity in the dry char filtration system). Corrective measures
included the installation of three new heat exchangers, which improved COS catalyst
heat-up time. Nitrogen piping was also installed to the dry char system to facilitate
faster thermal cycles and to increase the efficiency of the heat up process by allowing
nitrogen recycle versus the previous once-through system.

* .. nitrogen purges utilized to ciear camera sight paths and for equipment purges during
the start-up process. '

By focusing on these two critical areas, significant strides were made in 1997 to limit external
deliveries of nitrogen and to optimize plant production. By the end of the year, significant
reductions had taken place and nitrogen demand had been closely matched to nitrogen
production. Deliveries of external nitrogen decreased from a 1997 high of 15 trucks per month (9
million standard cubit feet) down to two trucks per month (1.2 million standard cubic feet).
Efforts will continue in 1998 to ensure that this trend continues and improves where opportunities
exist. ‘

Oxygen production was sufficient during 1997 to meet the demands of the gasification island.
Total production was approximately 328,000 tons for 1997 and product matched the purity
requirements identified above. Several trips of the main air compressor during 1997 led to shut
down of the gasification process due to the inability of the plant to produce oxygen for burner
consumption (there is no oxygen storage capability at the facility). The first, in the second quarter
of 1997, was due to an ¢lectrical design flaw in the ancillary systems of the main air compressor.
It appeared, after careful investigation, that several of the ancillary systems were not adequately
fuse protected. Therefore, when an over-amperage condition occurred on one of the auxiliary
pieces of equipment it was sufficient to trip the main circuit breaker for the main air compressor.
Corrective action included inspection of over 400 fuses to identify correct amperage
requirements. Those fuses identified as being inadequate were replaced with correct fuses.
During the third quarter, a loose fuse resulted in the failure of an oxygen vent valve, which
subsequently tripped the main air compressor and the gasification process. It is suspected that the
fuse was not properly seated after the inspection/replacement, which occurred during the second
quarter. All fuses were rechecked to prevent recurrence of this problem.
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A potential preventative maintenance issue was identified when, in December, the alternate
oxygen pump suffered a failure of the lower impeller shaft bearing. Dynegy and manufacturer
personnel worked together to identify a new lower impeller design which will be installed during
the next available shutdown in 1998,

Additional upgrades to the oxygen plant during 1998 included the following:

e A lube oil system upgrade was made to facilitate oil changes to the main air
COmpressor.

¢ The main air compressor guide vanes (all stages) were put on a more aggressive
preventative maintenance schedule due to a second stage failure in December.

GASIFICATION AND SLAG HANDLING

PRODUCT GAS The Destec gasifier consists of two
stages; a slagging first stage, and an
SECOND STAGE entrained flow, non-slagging second

stage. The first stage is a horizontal,
refractory lined vessel in which coal shurry
— and oxygen are combined in partial
CoAL SLURRY combustion quantities at an elevated

CORAL SLURRY 3 H
temperature {(nominally 2500 degrees F
\ Y - pe y g )
WAG OQUDNCH

FIRST STAGE

and pressure (400 psia). Dry particulate

WATER ) (char) filtered from the raw sygnas
downstream of the gasifier is also

T recycled to the first stage gasification

SLAG/WATER SLURRY process. The oxygen and coal slurry are

fed to the gasifier and atomized through
two opposing mixing nozzles once the vessel has been adequately preheated. Natural gas is
utilized for preheating the gasifier. No product syngas is generated for PSI’s consumption during
the pre-heat process while in methane operations. Oxygen feed rate to the mixers is carefully
controlled to maintain the gasification temperature above the ash fusion point, thereby ensuring
good slag removal. Produced synthetic gas (syngas) consists primarily of hydrogen, carbon
dioxide, carbon monoxide and water vapor. Sulfur in the coal is converted primarily to hydrogen
sulfide with a portion converted to carbonyl sulfide. Both sulfur species are processed down
stream and are removed from the process. Mineral matter in the coal forms a molten slag. The
second stage 1s a vertical refractory lined section in which additional coal slurry is reacted with the
hot syngas stream exiting the first stage. This additional slurry serves to lower the temperature of
the gas exiting the first stage to 1900 degrees F by vaporization of the slurry and endothermic
reactions. The coal undergoes de-volatilization and pyrolysis thereby generating more gas at a
higher heating value. No additional oxygen is added in the second stage. The partially reacted
coal (char) and entrained ash is carried overhead with the gas.
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Slag  flows  continuously

through the tap hole of the first s > s
stage into the water quench %@%’L @ RARICUATE
bath, Jocated below the first | goeen @I

stage. The slag is then crushed

and removed through a

continuous pressure let-down HEATIR

system as a slag/water slurry. |, o Sy

This process of continuous | ™™ o SToRAGE o0

PRESSURE LETDOWN

slag removal is compact;
minimizes overall height of the
gasifier structure; eliminates the high-maintenance requirements of problem prone lock hoppers;

and completely prevents the escape of raw gasification products to the atmosphere during slag
removal.

The slag slurry leaving the pressure let down system flows into a de-watering bin. The bulk of the
slag will settle out in this bin, while the water overflows a weir at the top of the bin to a settler in
which the slag fines are settled and removed. The clear water gravity flows out of the settler and
is pumped through heat exchangers where it is cooled as the final step before being returned to
the gasifier quench section. De-watered slag is loaded into a truck or rail car for transport to
market or its storage/disposal site located on the south end of the Wabash River Generating
station. The fines slurry from the bottom of the settler is recycled to the slurry preparation area.
The de-watering system contains de-watering bins, a water tank, cooler and water circulation
pump. All tanks, bins, and drums are vented to the tank vent collection system to limit fugitive
emissions. Triplicate analysis of the slag collected during a three day operational period in May
while on coal and producing full power from the steam and combustion turbines, show a stable
slag quality (see Table 2-11 — Slag Analysis Summary in Appendix E — Environmental Testing).
During the second quarter of the year, extensive environmental testing was completed.

During GSI’s operational campaigns in 1997,

1997 HOURS OF OPERATION the gasifier operation improved over 1996 by

1500 8w producing over 6,213,800 MMBtu’s of
22 product syngas compared to 1996 production

@ 1000 6 - E . of over 2,767,700 MMBtu’s. This represents
3 500 | 4 = = an increase of approximately 224% over the
* 2@ < previous year. The gasifier operated on coal
0 - ¢ © for over 3,650 hours. During heatup

1QTR 2QTR 3 QTR 4QTR

operations, the gasifier operated on methane
[ . On Coal M Methane —a—Coal/Methane Mix | | and a blend of coal/methane for over 1490

hours. It again must be noted that syngas

generated during heatup operations is not
suitable for use as fuel for the combustion turbine and that coal/methane mix is simply a transition
step from methane heat-up to coal operation. Methane operations indicated in the graph indicate
methane and coal/methane mix hours for heat-up of the gasifier and associated equipment and the
transition onto full coal operations.
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While gasifier operation was improved (as indicated by increased operational hours on coal),
several important opportunities for improvement were identified and several major modifications-
did take place in the system to improve overall performance.

A mechanical problem concerning cooling water flow to the gasifier water-cooled
nozzles was identified in the first quarter when the piping system supplying the nozzies
failed.  The cause of the failure was isolated to severe vibration of the boiler
feedwater makeup line to the system. During normal operation, boiler feedwater flows
in a closed loop, at 450-500 psig, through the water cooled nozzles and then is cooled
through heat exchange with cooling tower water. . Make up water for this system is
supplied by an 1800 psig system from PSI. Due to small leaks in the closed loop
systerm, boiler feed water under 1800 pounds of pressure was entering the 500 psig
system at a rate sufficient to create severe vibration in the piping system. To resolve
this problem, a new source of cooling water makeup (cold condensate) was identified
and utilized as a boiler feedwater replacement. The new makeup system operates at
approximately 600 psig and is approximately 400 degrees F coocler than the boiler
feedwater source. Vibration problems have not recurred.

In addition to the problems associated with the cooling water loop above, failure of
tubes in the cooling water loop exchanger was also identified. Previous failures of the
water cooled nozzies indicated the potential that excessive cooling was taking place in
the nozzles causing the syngas to cool to the point of condensation. Corrosion of the
nozzles indicated that sulfur constituents and moisture from the condensing gas were
causing the nozzles to prematurely fail. In an effort to prevent these failures, cooling
water flow to the heat exchanger was reduced to assist in elevating the temperature of
the cooling water loop. While temperatures in the cooling water loop to the water
cooled nozzles increased, it was also noted that shell side cooling water had increased
enough to cause shell-side boiling. This, along with the vibration problems mentioned
above, eventually led to severe damage to the exchanger tubes. Corrective measures
included increasing cooling water flow to the exchanger and the implementation of the
new cold condensate makeup line described above. One tube failure in this exchanger
did occur in the 2™ quarter as a direct result of these vibrations earlier in the year. No
further tube failures occurred in this exchanger during 1997 and no further vibration
has been reported.
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During a third quarter inspection of the gasifier, it was noted that there was substantial
thinning of the brick refractory in certain areas. While the gasifier could have been re-
bricked in the thinning areas and put back into service for the next operational run,
consideration was given to the planned petcoke evaluation in the fourth quarter and
deposition information that could be gained from a clean gasifier in evaluating
petroleum coke deposition characteristics. It was therefore decided to swap to the
spare gasifier in the third quarter. The spare gasifier has been equipped with new brick
material based on the information gained from the wear in the primary gasifier to date.

. Dynegy personnel worked with various brick manufacturers in an effort to develop

brick material that could withstand the hostile environment of the gasifier. Key criteria
such as thermal growth, erosion resistance, and thermal insulating characteristics were
evaluated prior to selecting a manufacturer and brick type. Again, focus for evaluation
was primarily based on the above, plus extension of operational life before re-bricking
is required. Evaluation of the new brick material will be accomplished on subsequent
outages to determine life expectancy of the brick.

One project identified to extend run time by reducing run-limiting deposition, was
implemented in the third quarter. It involved a new process design piping arrangement
placed on the transition piece between the gasifier and post-resident vessel. This new
180 degree ell transition was designed to reduce deposition and help eliminate stress
between the two vessels. By design, the transition piece also created a smoother gas
flow path between the two vessels for the particulate-laden raw syngas. The old
design utilized a straight piece of transitional piping that connected to the gasifier
second stage and the post-resident vessel just below the tops of both vessels. Gas
path flow, therefore, was severely impinged creating deposition at the top of the
gasifier and along the inlet wall of the post-resident vessel. Gas flow was resticted in
this area causing an increase in pressure across the system and an erratic gas flow
pattern. Success of the new transition piece will be evaluated on subsequent vessel
inspections.

Several minor problems were identified which led to a decrease in gasifier efficiency or shut down
of the operation. Those specific problems and corrective actions are identified below:

During the first quarter of 1997, slag flow was lost due to insufficient flow of
extraction gas (raw syngas utilized during normal operation to enhance slag flow)
through the tap hole. Loss of extraction gas flow created a tap hole plug, which
eventually led to a shut down of the gasifier. An investigation into the problem
indicated that there was no mechanical process that needed evaluation or correction,
but the problem existed in the computerized control code for the gasifier. The control
code was changed to ensure the presence of adequate extraction gas flow and to give
operations a more accurate means of monitoring flow measurement. Once the
procedure was installed in the control code, no further problems with gasifier
operation were noted due to extraction gas flow control,
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o In the second quarter, following an inspection of the slag handling system, a significant
amount of scaling was identified in the flow lines and equipment downstream of the’
slag crushers. Following laboratory testing, a scale inhibitor was added to the flow
stream to reduce scale formation and the potential for slag flow interruption due to
blockage of the lines. This application is still under evaluation.

e An extraction gas analyzer failed in the third quarter due to a high velocity of
particulate laden gas passing through the flow meter and associated piping. The
.system was temporarily corrected by increasing the piping diameter for the flow meter
to reduce velocity. Following a recurrence of the problem in September, it was
decided that the extraction gas analyzer would have to be totally isolated from the
main gas path if the problem was going to be corrected. The analyzer inlet
configuration was subsequently rearranged utilizing a side stream path with less
velocity. No further problems were directly associated with this unit during the
remainder of 1997,

¢ During the first operational run in September, it was noted that the redundant slurry
flow magmeters (measuring flow to the gasifier) began deviating (from set point)
significantly which reduced the stability of the slurry flow to the gasifier (which is a
primary control point for gasifier operation). The deviations became so severe that it
eventually resulted in a shutdown of the gasifier due to the inability of the control
module to properly adjust oxygen-to-coal ratios with the deviations in flow. To
correct this problem, a more aggressive preventative maintenance schedule was
implemented.

¢ In the fourth quarter an area of the spare gasifier developed a “hot spot” on the
exterior surface which required the application of cooling water to prevent further
damage to the shell. When applying the cooling water spray, the water ran down one
side of the gasifier creating unequal thermal growth on the opposite side. This, in
turn, caused a misalignment of the slag crushers due to vessel movement, which
ultimately caused a failure of the fluid coupling. The cooling water flow was
drastically reduced to a “mist” which alleviated the problem of disparate thermal
growth and no further failures were encountered. The hot spot was repaired internally
during the next scheduled outage.

During November, a successful test burn of an alternate feedstock (petcoke) was accomplished.
From November 17" to the 26", GSI utilized approximately 18,000 tons of petroleum coke to
generate syngas for PSI's consumption. Due to the higher Btu value of the petcoke, GSI was
able to produce syngas with a higher Btu value at a lower slurry feed rate than that of coal. Slag
production decreased due to a much lower ash content of the feedstock. Additionally, it was
noted that the sulfur recovery plant operated at peak efficiencies during the trial run due to the
higher sulfur content of the petcoke. Overall, the plant operated very effectively on the feedstock

and proved its applicability for the generation of syngas for multiple purposes in areas where
petcoke is readily available..
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SYNGAS COOLING, PARTICULATE REMOVAL AND COS HYDROLYSIS

SN - R
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SYNGAS
COCLER
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HYDROLYSIS
R LOW TEMPERATURE
7y HEAT RECOVERY
CHAR 63 casifCATION

The gas and entrained
particulate matter exiting
the gasifier system is
further cooled below
1900 degrees F in a
firetube heat recovery
boiler system . where
saturated high pressure
steam is produced. This
steam is then
superheated in the gas

turbine heat recovery steam generator for use in the steamn turbine for power generation.

The raw gas leaving the high temperature heat recovery unit passes through a barrier filter unit to
remove the particulates. The recovered particulates are recycled to the first stage of the gasifier.
The particulate free gas is cooled further before proceeding to the carbonyl sulfide (COS)

hydrolysis unit,

COS, present in the synthetic gas, is not removed as efficiently as H,S by the Acid Gas Removal
(AGR) system. Therefore, in order to obtain a high sulfur removal efficiency, the COS must first
be converted to H,S before the sour syngas enters the AGR. This conversion is accomplished in
the COS Hydrolysis unit by catalytic reaction of the COS with water vapor to create hydrogen
sulfide and carbon dioxide. The hydrogen sulfide is then removed in the AGR section and the
carbon dioxide remains in the product syngas utilized by the combustion turbine.
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Steam production, as
shown in the graph at
right, reflects the
operational run history

1997 1600# STEAM PRODUCED
(Mibs)

of the gasifier. Total 300000

steam production for 250000

1997 increased over | , 200000

200% from 1996 as g 150000

did most other . 100000 -

operational parameters 50000

Deposition, plugging, 0

and corrosion within

the HTHRU (High ,
Temperatu:e Heat }. Mibs of 1600# Steam J

Recovery

Unit)

continued to be of prominent concern in 1997. Several major projects and improvements
occurred during the year to enhance system performance and improve reliability. Those include:

As identified in 1996, thermal cycles of the hot syngas path were a leading contributor
to HTHRU plugging due to spalling of ash deposition in upstream equipment and
piping. One such thermal cycle in the first quarter led to increased plugging of the
boiler tubes sufficient to require a gasifier shutdown due to high differential pressure
across the boiler tube sheet. Subsequent cleanings m the second, third, and fourth
quarter indicate that, while deposition may be controlled to some extent, planned
outages will have to be appropriately spaced to ensure uninterrupted HTHRU
operation in the future. One project, the installation of the 180 degree ell from the
gasifier to the soak tank, should have an impact on boiler deposition rates by reducing
the amount of deposition upstream of the boiler. This should reduce the impact
thermal cycles have on the boiler inlet gas stream by reducing the potential of
upstream deposition breaking loose during start up and shut down operations.

Thermal cycles (shutdown and start-up) not only effected deposition in the system but
also served to accentuate installation flaws within the piping scheme. In March of
1997, due to excessive misalignment of a piping spool during construction/installation,
a syngas leak developed in a spool piece on the outlet of the waste heat boiler. The
released gas combusted as it leaked from the process causing a smali fire and
subsequent shutdown of the gasification process. In the process of purging the system
with nitrogen, the flare pilot was extinguished resulting in an odor noticeable to
neighbors in the area (due to minor concentratitons of hydrogen sulfide in the purge
gas). Details of this incident are further explained in the Environmental Monitoring
Plan Report for 1997. This flange had a history of gas leaks, but had been previously
maintained in a safe condition with appropriate bolt-torquing. After this release, the
flange surfaces were welded and re-machined and the pipe reconnected with a new
gasket.
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Although the incidents of flange leakage were curtailed by this action, subsequent
small leaks occurred within the system. Future plans include replacement of the spool
and both flange pairs with hard pipe to eliminate this leak source. Proper mitering of
the pipe and proper alignment should eliminate the pipe stresses in this area.

The inlet boiler screen to the HTHRU experienced failures in the first quarter due to
chemical attack from raw syngas components and excessive solids loading. Due to
these failures, and previous failures that occurred in 1996, a new material of
construction was selected for installation in the second quarter of the year. Following
the installation of the new screen early in the second quarter, the screen remained in
place for the remainder of the year experiencing only normal wear while limiting
deposition on the boiler inlet. Although the new screen may have successfully
extended the life of a given run cycle, engineering is still investigating new screen
material, which will outperform the current design.

Several other opportunities for improvement occurred during the year which, while having an
impact on operation run characteristics and availability, did not involve major project
development. The following is a brief summary of those opportunities:

Removal methods for boiler tube deposition continue to be critical factors in reducing
the amount of time required for a plant turnaround. Due to the tenacity and hardness
of the deposition on the tube walls, special cleaning methods are being developed to
reduce off-line cleaning time. While some success in reducing cleaning time was made
during 1997, efforts to further improve methods and mechanical cleaning procedures
will continue in 1998.

Instrumentation problems in the first quarter caused two shutdowns of the gasifier
when boiler feedwater pressure transmitters froze creating a false flow signal and
subsequent low steam drum level. Insulation and freeze protection for the transmitters
has been upgraded to prevent recurrence. Additionally, control logic for the boiler
steam drum was upgraded during the second quarter. This upgrade makes the level
control less sensitive to the vagaries of flow measurements.

During 1997, the gasification process experienced shortened run cycles due to the loss
of boiler feed water from PSI on six differerit oc¢asions. Two of the initial trips during
the first quarter were identified as being associated with difficulties experienced in the
Uninterruptable Power Supply (UPS) system. Three of the boiler feedwater losses
have never been traced to a specific cause, though the UPS is suspegtei.
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Although the dry char filtering system continued to demonstrate improved performance
throughout 1997, the system is still undergoing development both in the operational area and in
the area of design and metallurgy.

¢ During the first quarter, and after installation of first generation metal filter candies in
the fourth quarter of 1996, a single gasifier trip in January was caused by primary filter
failure. The failure was due to a combination of corrosion-weakened metal filters and
flow surges through the vessels caused by backpulse valve failures. The failure of the
- backpulse . valves served to hasten filter degradation due to the inability to send
backpulse gas through the filters to remove the collected char. During that time, flow
imbalances caused a significantly increased flow of gas through the clean filters,
damaging the already weakened filter elements. Some of the experimental metallurgy's
utilized for filter construction during this run showed evidence of corrosion after only
523 hours of service and one type was corroded to the extent that the filters lost
strength and ductility. During the ensuing plant outage, all of the filters of this type
were replaced with filters of alternate metallurgy's that demonstrated superior
resistance to corrosion. All of the pulse valves were disassembled and many were
found to have extensive seat damage. The valves were rebuilt utilizing the existing
seat design and the pulse gas heat exchanger was taken out of service for the next run.
Leakage of the valve seats effectively stopped after this correction. Preliminary
indications are that thermal stresses caused by the hotter pulse gas may have resulted
in sufficient distortion of the valve bodies to cause the disks to be improperly aligned
with the seats.

e Overall, the dry char system continued to operate acceptably until additional problems
occurred in the fourth quarter, when the dry char system caused the plant to be
brought off line four times. Three of the four occurrences were caused by a flow
imbalance between the two vessels and poor char recycle ejector performance
resulting in high vessel levels and resultant plant trips. A dimensional discrepancy in
one of the recently fabricated ejector internal parts was determined to be the cause of
this failure. After replacing these parts, plant trips due to ejector performance
problems were eliminated for the remainder of 1997.

o High primary filter blinding rates continued in the fourth quarter and, as a result, the
filters were cleaned during an extended plant outage in October. The high blinding
rate was partially due to a high temperature heat recovery steam boiler tube leak.
Filter blinding rates were again high during the operating period preceding the petcoke
test. Upon completing this test, the filters were again cleaned in early December. A
new cleaning procedure resulted in a significantly higher recovery of fiiter
permeability. As a result, the primary vessel differential pressures in December were
much lower compared to the October startup.
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Other enhancements to the system, including a modification to the internal inlet gas distribution
system in the dry char vessels, installation of test panels, and installation of a new test unit,
continued to provide system enhancements which led to longer operational time frames.
Specifically, those items were:

A design change was made to provide more uniform flow distribution throughout the
vessel, thereby reducing both the gas velocity in the high-wear areas of the inlet
distributor piping and the particle impingement velocity on the filters.

Several panels of abrasion resistant materials were installed in the primary distributor
system. These panels are being tested for possible future application in the system to
improve distributor part life.

Initial construction began on a new Dry Char Slip Stream unit which will provide us
the opportunity to test filter candles and materials of construction outside of the
primary filtration vessels. (This slip stream unit project is being built under a separate
cooperative agreement.) The project was completed and put into service during the
fourth quarter of 1997. No results were recorded during the calendar year due to the
short run time from commissioning to the end of the year.

During a second quarter run campaign, it was discovered that tar condensation on the
filters was a major contributor to filter flow resistance. The filters were cleaned and
returned to service. During the subsequent campaign, the reactor outlet was operated
at a higher temperature to enhance tar destruction and improve filter run time. This
procedure proved effective in the reduction of tar and thus improved overall run time
on the dry char filtration system.

The Carbonyl Sulfide (COS) catalyst system ran well within limits during the entire year for 1997.
Although conversion efficiencies were somewhat reduced by a temperature excursion and
subsequent catalyst deactivation in the fourth quarter of 1996, operations have compensated for
the loss by operating the reactor at a slightly higher gasifier temperature to reduce sulfur levels in
the product gas. The carbonyl sulfide catalyst was replaced m the fourth quarter of 1997 and the
system continued to operate well within design limits for the remainder of the year.

#DE-FC21-92MC29310 27



LOW TEMPERATURE HEAT RECOVERY AND SYNGAS MOISTURIZATION

HEATER After exiting the COS hydrolysis
CABINED N I

£veE unit, the remaining low level heat

SUm waTeR is removed from the syngas in a

series of shell-and-tube exchangers

oo e located before the Acid Gas

REMOVAL Recovery (AGR) system. This

ACID GAS

ST (O ruov cooling condenses water,

cas . . .

HYDHOLYSS S ammonia, carbon dioxide, and
> TRLATENT some hydrogen sulfide (H,S)
DE - MINERALIZED . . .

ot UAKE-TF D WATER producing sour water, which is

collected and sent to the sour
water treatment unit. The heat removed prior to the AGR system provides moisturizing heat for
the product syngas, steam for the AGR H,S stripper, and condensate heat.

Cooling water provides trim cooling to ensure the syngas enters the AGR at a sufficiently low
temperature (approximately 100 degrees F). The cooled “sour” syngas 1s fed to an absorber in the
AGR system where the solvent selectively removes the H;S to produce a “sweet” syngas (low in
H.S ). The “sweet” syngas is then moisturized to a water content of approximately 20% by
volume using low level heat from raw syngas cooling. Moisturization is accomplished by
contacting the “sweet” syngas and hot water counter currently in a high surface area contacting
column. After the moisturizer, the syngas is preheated before being directed to the combustion
turbine. Moisturization and preheating of the syngas increases efficiency in the combustion
turbine and reduces the steam requirement for NOy control.
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SWEET SYNGAS PRODUCTION Total S})veet syngas (product syngas)
production  for 1997 totaled
1997 approximately 6, 206,000  MMBtu’s
2500000 - with the highest production occurring in
o 2000000 the third quarter.  Sweet syngas
& 1500000 1 moisturization operated efficiently and
= 1000000 - provided a consistent product gas
500000 - - moisture content of approximately 20%
0 - - throughout 1997.  Product syngas
1Q 2Q 3Q 4Q quality remained high and will be

mMMBtu's of Sweet Syngas | discussed later in this section.

Problems in this area centered around the new Chloride Scrubbing system which was installed in
the third quarter of 1996. While the system continued to show good scrubbing efficiency
throughout the year, the demister packing in the top of the vessel continued to create problems in
the system due to coal tar plugging. While no problems were encountered in the first quarter of
the year, the second quarter saw increasing problems with tar deposition. During the second
quarter the systemn exhibited an increasing differential pressure across its packing. The pressure
drop escalated to the point that liquid was entrained from the scubber and carried into the gas
path. For a short duration, this liquid overwhelmed the demisters and knockout drums sending
water into the downstream COS hydrolysis reactors. The automatic control system diverts flow
away from the reactors when water entrainment is detected but some water potentially reached
the catalyst beds during the transitions. The root cause of the incident was determined to be tar
deposits on the packing which impeded gas and liquid flow through the column. Tar prevention
was achieved by operating the 2™ stage gasifier outlet at a higher temperature to maximize tar
destruction. The column packing was cleaned and put back into service in preparation for the
third quarter run. Towards the end of the third quarter the column again began exhibiting a high
differential pressure. The problem, again, was identified as tar formation.

To correct the problem manual flushes were periodically implemented, during reduced rate
operations, to mitigate the high differential pressure and avoid liquid entrainment into the gas
path. Additionally, the time spent operating at low rates will be limited in future operational
campaigns. This process was instituted due to the fact that, despite appropriate designated
temperature control in the gasifier outlet, heat loss from the system is too great during low flow
operations to maintain these temperatures throughout the system. Despite the flow problems, the
chloride removal system was virtually unaffected. Fourth quarter operation, though showing
some increase in differentiai pressure across the column, continued without incident. A complete
vessel Inspection is planned for the first quarter of 1998 to assess corrective action and to
determine if tar buildup in the packing material is still occurring.
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The syngas flare system is considered part of the overall low temperature heat recovery and
moisturization process due to the fact that product syngas and off spec gas is flared during normal
operation, system startup and system shutdown. During a syngas leak and subsequent flange fire
event in the first quarter (previously mentioned) the flare system malfunctioned by losing flame
and causing a release of purge gas containing hydrogen sulfide. The malfunction was attributable
to a marginally combustible stream created during the system nitrogen purge process passing to
the flare. During this event, methane (normally used to augment syngas during the purge process)
flow to the flare tip was not sufficient to ensure that a combustible gas existed at the three flare
pilots. The pilots were snuffed out in the process and the gas exited the flare unbumed. To
correct the problem, three new “windproof” pilots were installed on the flare tip during the
second quarter outage. The control code for the purge process was also upgraded to ensure that
a sufficient volume of methane gas is added to the flare gas to ensure combustion during system
purge.

One of the additional problems that existed at the flare is the fact that, during startup operations
and m the event of a combustion turbine trip, gas passing to the flare creates an noticeable noise
level to the surrounding community. Noise levels in excess of 60-65 dB (average) were recorded
at the nearest residence during one such event. To rectify this problem, a new flare tip was
installed during the third quarter outage to reduce the overall noise level. The old three foot
diameter tip was replaced with a five foot diameter tip. Preliminary noise monitoring data
indicates a significant reduction of noise in the plant and surrounding community during high rate
flaring operation (to as low as 55-60 dB). To further reduce noise levels and the time required to
flare at high rates during start-up operations, the procedure for transfer to coal operations was
modified during the fourth quarter to make the swap to the combustion turbine at a lower coal
feed rate. This reduced fuel consumption and reduced the flare noise level as well.

Product syngas quality remained relatively consistent throughout 1997. One of the primary
reasons for such consistency was the use of a single coal source for the year. Minor variations in
hydrogen sulfide and carbonyl sulfide concentrations (in ppm) were primarily due to equipment
problems in the COS catalysis reactor and acid gas recovery systems. Variations in Btu value,
hydrogen concentration, carbon monoxide and carbon dioxide concentrations, and methane
content were directly related to operational characteristics of the system (and more specifically to
variations in the oxygen to coal ratios of the gasifier feed) and cannot be attributed to variations in
coal feedstock. Some assumptions can be made for variations in syngas makeup due to the
petroleum coke trial in the month of November.

Hydrogen Content: Hydrogen content (percent) in the syngas varied from an average
monthly low of 32.9% in January to a high of 34.4% in April.

Carbon Dioxide Concentration: Carbon dioxide (percent) in the syngas varied from an
average monthly low of 16.6% in December to a high to 16.9 in April.

#DE-FC21-92MC29310 30



Carbon Monoxide Concentration: Carbon monoxide (percent) in the syngas varied
from an average monthly low of 42.2 in January to a high of 46.7 in November. There
appears to be no statistical basis for considering petcoke as a contributor to the high value
even though it occurred in November. December concentrations were very similar while
operating on coal.

Methane Content: Methane (percent) in syngas showed very little variability throughout
the year. The month of November recorded the only significant deviation from the norm
with a.low of 1.04%.. The remaining eleven months recorded averages of, at or just
slightly less than, 2%. Methane concentrations in the syngas were significantly lower
during petroleum coke operations. Average concentrations during the petcoke trial were
approximately 0.5% as methane in the syngas. This is primarily due to the fact that the
gasifier was operated approximately 200 degrees hotter during petcoke operation and
product gas methane concentration drops as gasification temperatures increase.

Hydrogen Sulfide Concentration: H,S concentration (parts per million, ppm) in the
product syngas showed some variability due to previously mentioned COS catalyst
deactivation and downstream problems associated with the MDEA absorber column. Just
prior to COS catalyst replacement, H,S values climbed to a monthly average high in
September of 106.5 ppm. After replacing the catalyst, the H)S concentration dropped
back down to normal levels as indicated by a November average of 43.08 ppm. The
lowest average monthly ppm value occurred in May with an average concentration of
29.21 ppm.

Carbonyl Sulfide Concentration: COS concentration (ppm) in the product syngas
shows an expected variability due to the equipment problems indicated above. While the
first five months of the year show a consistent concentration of approximately 40-60 ppm,
the months of July, August, September, and October show significant increases in the
monthly average to as high as 110 ppm (September and October). After the COS catalyst
was replaced, average monthly concentrations dropped to approximately 21-22 ppm
(November and December).
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ACID GAS REMOVAL

The first step in the

ML @ wasnmzanon sulfur removal process
7 ok is the Acid Gas
SOUR WATER Removal (AGR) system,
TREATMENT .
which  removes  the
hydrogen sulfide present

in the “sour” syngas.
The AGR system also
produces a concentrated
H,S stream (acid gas)
that is fed to the Sulfur
Recovery Unit (SRU).
The AGR system is a totally contained system and does not release emissions to the atmosphere.
Hydrogen sulfide is removed via the absorber using a H,S solvent, methyldiethanolamine
(MDEA). The hydrogen sulfide rich solvent exits the absorber and flows to a re-boiled stripper
where the hydrogen sulfide is steam stripped at low pressure. The concentrated H»S stream exits
the top of the stripper and flows to the sulfur recovery unit. The lean amine exits the bottom of
the stripper and is cooled, then recycled to the absorber.

Acid gas removal efficiencies
remained fairly consistent HYDROGEN SULFIDE REMOVAL EFFICIENCY
throughout 1997 as can be 100 -+
seen by the chart at right.
The efficiency calculation
uses total combustion turbine
stack and flare stack syngas

99

98 -

PERCENT

emissions (as sulfur) 97 -

compared to the total sulfur 96 - :

feed in the gasification plant 2 m ¥ X 2 dJ 0o k- >0
; < =] O

(sulfur, dry-weight percent) g ¥ % < = 38 :':?: h o g a

for the most conservative -

estimate of performance. As B Removal Efficiency |

was discussed earlier in thus
report, first, second, and third quarter efficiencies were slightly lower, when compared to the
fourth quarter, due to a decrease in activity in the COS reactor catalyst beds and in their ability to
convert carbonyl sulfide to hydrogen sulfide.
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In early January the amine absorber internals sustained damage resulting from excess loading of
the trays which directly effect MDEA contact with the hydrogen sulfide enriched sour gas.
Column performance was compensated for during the quarter by operating the column on a
higher level amine feed point which increases contact area with the amine. The tray damage to
the column was repaired during the late April outage and column performance and feedpoint
returned to normal. However, overall first quarter efficiencies were somewhat higher due to an
extended operating period (which allowed for system optimization) and cooler ambient
temperatures, which directly affect and increase solvent efficiency.

Reduced efficiencies encountered in the third quarter can be directly attributed to the increase in
solvent temperature occurring in the summer months and continued degradation of the COS
catalyst. The loss of catalytic reaction creates a condition where carbonyl sulfide concentrations
at the absorber column inlet exceed design criteria and the COS is hydrolyzed and absorbed by the
amine which increases the hydrogen sulfide content in the outlet gas and less free absorption sites
remain in the amine. A single event also occurred in the third quarter directly effecting absorber
efficiency when column performance was compromised when differential pressure exceeded
design limits and one of the gas-liquid contact trays collapsed. Solvent anti-foaming compound
was exhausted, and went unnoticed, ten days prior to this event and consequental solution
foaming was identified as the root cause of the tray failure. This event eventually led to a
pemitted sulfur dioxide air permit exceedance at the flare when product syngas had to be flared
because the sulfur limit in the product syngas was no longer acceptable for delivery to PSI.
Details of the environmental significance of this event are outlined in the Environmental
Monitoring Annual Report for 1997.

In the fourth quarter, because of an ever-increasing heat stable salts loading of the amine, a
vacuum distillation was performed on the entire absorbent inventory to remove the salts, The
distillation recovered 82% of the solvent while removing the heat stable salts. Efficiency increases
can be attributed to the fresh solvent application. Additionally, during the fourth quarter, the COS
reactor catalyst was replaced which also aided in an increased efficiency to above 99%. Projects
have been proposed for 1998 to investigate the rate of heat stable salt formation and configuration
of the ISEP unit to better handle on-line removal of the salts. Information on these projects will
be discussed in the 1998 annual report. It should also be noted that the AGR system operated
more efficiently due, in part, to the higher sulfur loading created by the introduction of petroleum
coke in November. Concentrations of sulfur, greater than 5% (dry-weight) were encountered in
the petroleum coke and were well within the design limits of the AGR and Sulfur Recovery Unit.
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SULFUR RECOVERY

The concentrated hydrogen
sulfide stream from the AGR
system and the CO, and H.S
stripped from the sour process
water are fed to a series of
catalytic reaction stages where
the H,S is converted to
elemental sulfur. The sulfur is
recovered as a molten liquid
and sold as a by-product. A
tailgas stream, composed of mostly carbon dioxide and nitrogen with trace amounts of hydrogen
sulfide, exits the last catalytic stage.

The tail gas from the SRU is hydrogenated to convert all the sulfur species to H,S, cooled,
compressed and then directed to the gasifier. This allows for a very high sulfur removal efficiency
with minimal recycle requirements. Provisions in the system also allow for final treatment of the
tail gas in the tail gas incinerator. A tank vent stream is also treated in the incinerator. The tank
vent stream is composed of air purged through various in-process storage tanks and contains
very small amounts of acid gases. The high temperature incinerator efficiently destroys H,S
remaining in the stream by converting it to SO, before the exhaust gas is vented to the atmosphere
from a permitted air emissions source .

Total plant sulfur removal
1997 SULFUR RECOVERY efficiencies indicated at left
are split into two specific
areas. The blue columns
indicate the efficiency of
the SRU. Overall recovery
efficiencies (red columns)
compare total joint venture
emissions (as sulfur) verses
total sulfur feed to the
gasifier, and recovered

‘ sulfur. Overall, this graph
| B Sulfur Recovery Efficiency B Overall Recovery Efficiency | compares quite favorably

PERCENT

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

with the reduction in
reactivity of the COS catalyst and illustrates a clear degradation over the course of 1997. Fourth
quarter replacement of the catalyst shows a significant increase in the overall joint venture
removal efficiency. A total of 8,568 tons of sulfur were recovered during 1997. A recovery
breakdown, by quarter, is indicated below:

1% Quarter 2™ Quarter 3™ Quarter 4" Quarter

1,961 1,660 2,890 2,057
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Significant reductions in efficiency of sulfur removal were noted in the third quarter due to
decreasing acid gas concentration in the feed to the SRU. Average ambient temperature increased
for the quarter, decreasing selectivity in the acid gas removal solvent. The result is increased acid
gas flow and lower H,S feed concentration to the SRU, hindering efliciency.

Increasing efficiency in the fourth quarter can be attributed to (especially in November) the
petroleum coke test. During this period, the hydrogen sulfide concentration increased which
improved the efficiency of the Claus units.

During the year several incidents in the SRU led to either production turndowns, or complete
shutdowns of the gasification process.

In the first quarter several minor problems associated with a plugged condenser and a
plugged tank vent on the sulfur storage unit caused several hours of reduced
production. Both of these problems were quickly resolved and full production rates
were restored without further incident. Corrective measures were placed in the
operating procedure and maintenance guide and no further problems of this nature
occurred during the year.

In the third quarter the SRU reaction furnace tripped four times. In each case, the
operating rates were only reduced for a few minutes until the unit could be re-started.
Corrective actions to including hardware, software and additional operator training
were implemented to minimize furnace upsets. No further incidents of this nature
were recorded for the remainder of the year.

On November 12", the pressure safety valve protecting the acid gas stripping column
failed, relieving at a pressure less than setpoint. Acid gas from the column was
relieved into the flare header, resulting in an exceedance of sulfur dioxide permitted
limits at the flare. Investigation into the mechanism of failure revealed that debris in
the pilot valve prevented proper seating. This allowed the main valve to remain open
at pressures below relief setpoint. The pressure safety valve was subsequently
removed and an alternate overpressure protection device has been employed. The
permit exceedance discussed herein, was appropnately reported and is documented in
the annual 1997 Environmental Monitoring Plan Report.
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Several projects were implemented in 1997 in the SRU to improve overall reliability and
maintainability. Those projects were:

In the first quarter the relocation of a particular temperature measurement device in
the SRU reactor furnace was accomplish which was significantly improved system
reliability and eliminated repetitive maintenance costs associated with the system.

The steam generator for the tail gas incinerator was improved to lower incidences of
leaks in the intermediate steam drum pressure safety valves. Rupture discs now isolate
the safety selector valve from the safety valves themselves which has significantly
reduced maintenance costs associated with repair of the valves.

In the second quarter, a single project designed to enhance safety, reduce emissions,
increase availability and lower O & M costs was instituted. A sulfur “seal leg” was
installed at the hydrogenation pre-heater along with an ancillary heating system. The
project was designed to ensure liquid flow at the look box and prevent overpressure by
not allowing a solid plug of sulfur to form in that area. Personnel exposure and
disposal costs have been reduced as a direct result of this project.

During the third quarter a sliding base was installed on the existing sulfur pump system
to reduce piping stress and recurring pump base stress failures. Installation of this
base should significantly lower maintenance costs associated with pump and piping
repair in this area.
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SOUR WATER TREATMENT

AMMONIA ARSCRBER - Wate_:r condensed during
o m@ WTE O rcpananon coo]n}g of the sour syngas

- contains small amounts of

- dissolved gases, i.e. carbon

dioxide (C0O,), ammonia

vl (NH;), hydrogen sulfide

(H;S), and trace

IREA contaminants, The gases are

peensterl stripped out of the sour

water in a two step process.

First, the CO, and the bulk of
the H,S is removed by steam stripping in the CO; stripper column. The stripped CO; and H,S are
directed to the SRU. The water exits the bottom of the column, is cooled, and a major portion is
recycled to slurry preparation. Any excess water is treated in the ammonia stripper column to
remove the ammonia and remaining trace components. The treated water can be directed to the
moisturizer or discharged from the plant. If out of specification for discharge, the treated water
can be stored in holding tanks for further testing to determine final disposition. Discharge of this
water stream is controlled or regulated as a combined stream with PSI’s plant discharge into
water outfall pond 102.

As shown in the bar chart at
right, sour water to the outfall 1997 SOUR WATER TO OUTFALL
remained fairly consistent in
volume through 1997. Quarterly
flows totaled 19.6 million gallons
in the first quarter; 17.8 million
gallons i the second; 19.2
million gallons in the third and;
17.2 million gallon in the fourth
quarter. In the second quarter
auxiliary heat exchange capacity
was increased for the ammonia
quench column. As a result,
ammonia emissions from the sour water make-up to the rod mill have been eliminated. Also,
ammonia salt deposition in the tail gas recycle compressors has been eliminated, greatly reducing
operating and maintenance costs on the compressors.

MILLIONS OF GALLONS
o2 NwWwh OO~

‘ B Million Gallons to Outfall ‘

In the third quarter, a sour water carbon filter vent containment system was installed to prevent
fugitive odors to personnel. This project enhances both safety and environmentg} sigwardship by
eliminating another source of fugitive emissions. Fourth quarter enhancements {p the system
included the conversion of an existing activated cdtbon storage tank to serve as a caustic tank.
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Caustic has been added to the ammonia stripping column to further reduce the concentration of
ammonia to the permitted outfall. Until this project, the caustic source was the caustic feed to the
Ion Separation (ISEP) unit. Recognizing that a lower, less expensive grade of caustic could be
used, a drum has been retrofitted to serve as the supply for the ammonia stripping column. This
project should serve to significantly lower operating costs for the sour water unit.

Specific information about the quality of the water to the outfall is covered under the 1997
Environmental Monitoring Plan Annual Report and can be used as an additional reference to
provide more specific information about discharge quality.

COMBINED CYCLE POWER GENERATION

CONCENSER oW TEMPERATLRE The combined cycle system
A AT TR consists of a combustion
TS (> BYUE o g 03 s turbine  generator, heat
o MEH ‘ -._;gg;«;m" i recovery steam generator
SR ] ?g'\ (HRSG), reheat steam
swossmene -8 “m ]M L DOAUST g3y stac turbine generator,
gouauSTION ward condenser, deaerator, flash
- AT &:'Bmm i SR drums, condensate pumps
STEA GEngTwToR and boiler feedwater

s | i pumps.

HOSTURIZATION

The gas turbine (GT) is a
nominal 192 MW advanced

cycle combustion turbine
fueled primarily by syngas. The General Electric 7FA combustion turbine was the largest in North
America when installed in 1995. Fuel moisturization and steam injection control NOx emissions
and increase MW output. Combustion air is drawn through inlet filters from outside the building
housing the gas turbine. Combustion exhaust gases are routed to the HRSG. No. 2 fuel oil is
used as back-up fuel for the gas turbine during startup and shutdown, and other periods when
syngas is unavailable. Fuel oil is stored in tanks located within the existing plant.

The HRSG recovers heat from the GT exhaust gases to generate high pressure steam. This
steam, combined with the steam from the syngas cooler, repowers the Unit 1 reconfigured steam
turbine. Steam generated in the HRSG is piped to and from the steam turbine via extensive piping
additions. The HRSG receives GT exhaust gases and generates steam at 1600 deg F and 1000
psig (main steam) and reheats extraction steam from the steam turbine to 1000 deg F at about 750
psig extraction pressure (reheat steam). The HRSG is specifically designed for high operating
efficiency and configured for horizontal flow through a series of vertical heat transfer modules.
Design of the HRSG is optimized for a syngas fired gas turbine.

The Wabash River Station Unit 1 steam turbine is located in the existing powerhouse. The steam
turbine was originally supplied by Westinghouse and went mnto commercial operation in 1953 at a
nominal rating of 99 MW.
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The steam turbine was designed for reheat operation with five levels of extraction steam used for’
feedwater heating. To maximize efficiency, feedwater is now heated in both the HRSG and the
gasification plant. With the need for extraction steam from the steam turbine eliminated, the
steam previously extracted now passes through the steam turbine to generate 105 MW of power.
As a result, minor modifications to the turbine steam path ensure acceptable steam path velocities.
The generator and mam power transformer continue to be used and have required only minimal

modification.
1987 Monthly Power Preduction
180000 - - -
160000 +
140000 -
w 120000
2 100000 1
z
2 80000
= 60000 -
40000 -
20000 -
0. .
B Steam Turbine B Combustion Turbine
O Total Gross Generation [ Total Syngas Generation

As can been seen by the
chart at left, the third
quarter  produced the
largest total power output
for the year. In the month
of August figures for total
gross generation (yellow)
exceeded 160,000
megawatts for the first
time since project start up.
The months of March,
May, July, August,
September, November and
December show

generation in excess of 60,000 megawatts on the combustion turbine with syngas. Electricity
production for the year realized an increase of over 200% over 1996 and continues to show
improved consistency of operation. The following table illustrates production during 1997:

| 10TR | 20TR | 3QTR | 4QTR | TOTAL
Combined Cycle Operating
Hours On Syngas 870 730 1,329 766 3,695
Longest Continuous Run
Hours On Syngas 330 185 360 230
Maximum CT Output (MW) 192 192 192 192
Maximum ST Output (MW) 96 100 100 100
Total Gross  Generation
(MWHours) 240,000 205,000 | 307,274 | 189,410 941,684
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Budget Period 3 Activities

Budget Period 3 began on November 18, 1995. The costs shown reflect operational expenditures
along with major process improvements implemented in 1997. Operations and systems data
collected during the year will assist in the demonstration and commercialization of the technology.

Revised Baseline Budget Actual Budget Period 3
(per Cont. App. for Cumulative Spending
Budget Period 3) as of 12/31/97
Participant Share $52,300,566 $49,012,822
DOE Share $52,300,566 $34,829,682
Total $104,601,132 $83,842,504

DOE Reporting and Deliverables

Spending and budget reports were submitted on both a monthly and quarterly basis according to
the requirements of the Cooperative Agreement. Project reviews and Joint Venture quarterly
reports were provided to the DOE. The following reporting requirements were submitted in
accordance with Attachment C, sections 6 and 7 of the Cooperative Agreememt:

¢ Project Management Plan

+ Environmental Monitoring Reports

s Operations Summary Reports

Other Activities

Several public relations and education activities were carried out in 1997. Appendix C (Tab C)
provides a list of selected public information and trade and technical papers presented by Destec
or PSI personnel related to the WRCGRP.
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1998 ACTIVITIES AND MILESTONES

Activities in 1998 will focus primarily on continued evaluation of new project installations and
renewed focus on proper gasifier operations. Major activities for 1998 will include the following:

e Evaluation of the Dry Char system element metaliurgy.
» Evaluate gasifier temperature control to aid in prevention of ash deposition.

¢ Achieve an increasingly effective understanding of the systems and subsystem
operating characteristics.

e Maintain/improve the expected dispatch orders in the Cinergy system.
o Fulfill the provisions of the Environmental Monitoring Plan.

e Obtain the data base and experience-base necessary to advance and meet the
commercial markets for the technology.

Otker Activities

Other activities of significance include meeting the DOE review and reporting requirements and
further development of effective operations and maintenance programs. During 1998 community
relations and education programs will be continued.
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Slag  flows  continuously
through the tap hole of the first
stage into the water quench
bath, located below the first
stage. The slag is then crushed
and removed through a
continuous pressure let-down
system as a slag/water slurry.
This process of continuous
slag removal is compact;
minimizes overall height of the
gasifier structure; eliminates the high-maintenance requirements of problem prone lock hoppers;

and completely prevents the escape of raw gasification products to the atmosphere during slag
removal.

The slag slurry leaving the pressure let down system flows into a de-watering bin. The bulk of the
slag will settle out in this bin, while the water overflows a weir at the top of the bin to a settler in
which the slag fines are settled and removed. The clear water gravity flows out of the settler and
is pumped through heat exchangers where it is cooled as the final step before being returned to
the gasifier quench section. De-watered slag is loaded into a truck or rail car for transport to
market or its storage/disposal site located on the south end of the Wabash River Generating
station. The fines slurry from the bottom of the settler is recycled to the slurry preparation area.
The de-watering system contains de-watering bins, a water tank, cooler and water circulation
pump. All tanks, bins, and drums are vented to the tank vent collection system to Limit fugitive
emissions. Triplicate analysis of the slag collected during a three day operational period in May
while on coal and producing full power from the steam and combustion turbines, show a stable
slag quality (see Table 2-11 ~ Slag Analysis Summary in Appendix E —~ Environmental Testing).
During the second quarter of the year, extensive environmental testing was completed.

During GSI's operational campaigns in 1997,

1997 HOURS OF OPERATION the gasifier operation improved over 1996 by
producing over 6,213,800 MMBtu's of

1500 8 “z-' .
\ i §Z < product syngas compared to 1996 production
@ 1000 @ & » | ©ofover2,767,700 MMBtu's. This represents
3 500 4z & = an increase of approximately 224% over the
* 28 g previous year. The gasifier operated on coal
0 - 0 © for over 3,650 hours. During heatup

1QTR 2QTR 3QTR 4QTR operations, the gasifier operated on methane
| " On Coal MM Methane —a—Coal/Methane MixJ and a blend of coal/methane for over 1490
hours. It again must be noted that syngas
generated during heatup operations 18 not
suitable for use as fuel for the combustion turbine and that coal/methane mix is simply a transition
step from methane heat-up to coal operation. Methane operations indicated in the graph indicate
methane and coal/methane mix hours for heat-up of the gasifier and associated equipment and the
transition onto full coal operations.
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CAAA
CCT
CGCC
Cos
DOE
EPA
HHV
HRSG
IDEM
ISEP
LGTI
NEPA
NBBES
P&ID
PMP
PON

WRCGRP

Appendix A

Glossary of Acronyms
Clean Air Act Admendments
Clean Coal Technology
Coal Gasification Combined Cycle
Carbonyl Sulfide
Department of Energy
Environmental Protection Agency
Higher Heating Value
Heat Recovery Steam Generator
Indiana Department of Environmental Management
Ion Separation unit
Louisiana Gasification Technology, Inc.
National Environmental Policy Act
National Pollutant Discharge Elimination System
Piping and Instrument Drawings
Project Management Plan
Program Opportunity Notice

Wabash River Coal Gasification Repowering Project
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Figr

1. Existing Wabash Station

2. Existing coal transfer tower

3. Gas turbine building

4. Heat recovery steam generator
5. Coal receiving silo

6. Gasifier

7. Cooling Tower

8. Oxygen plant

9. New substation

10. Existing coal pile
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PLANT OPERATION STATISTICS

1997
GASIFICATION PLANT
PERFORMANCE DATA
Coal Gas Efficiency
Gasifier on Coal (Hours)
Gasification Plant Capacity Factor (Produced)
Gasification Plant Capacity Factor (Delivered)
PRODUCTION DATA
Syngas on Spec (MMBtu)
1600# Steam (Mlbs)
Sulfur (Mlbs)
Slag, Moisture Free (Mlbs)
DELIVERED PRODUCTION
Actual Syngas Delivered (MMBtu)
1600# Steam (Mlbs)
MATERIAL/ENERGY USED
Coal, Moisture Free (Tons)
Coal (MMBtu)
Intermediate Pressure Steam (Mlbs)
Electrical Power, Total (MWh)
Oxygen, (Tons)
Fuel Gas (Mlbs)
POWER PLANT
PERFORMANCE DATA

Combustion Turbine Operating Hours (Syngas)
Combustion Turbine Operating Hours (Total}
Steam Turbine Operating Hours

PRODUCTION DATA

Combustion Turbine Generator (MWH)
Steam Turbine Generator (MWH)

Figure 11

72.0%

3,885
39.9%
38.0%

6,214,864
1,720,229
17,213
51,418

5,926,875
1,641,232

359,294
8,910,112
145,352
260,094
328,599
19,129

3,701
4,261
4,116

725,054
361,823



Appendix C

LISTING OF TECHNICAL PUBLICATIONS

(PUBLIC INFORMATION)
DATE TITLE/SOURCE AUTHOR(S)
January “Wabash River Coal Gasification E.J. Troxclair
1997 Repowering Project - First Year Operating (Destec)
Experience” Jack Stultz
Presented at the Fifth Annual Clean Coal (PSI)
Technology Conference in Tampa, Florida
February Coal Power Systems Technology Workshop Phil Amick
1997 Presentation (Destec)
October “Operating Experience at the Wabash Richard Payonk
1997 River Coal Gasification Repowering (Destec)
Project”
Presented at the 1997 Gasification
Technologies Conference in
: San Francisco, California
October “Operating Experience at the Wabash Phil Amick
1997 River Coal Gasification Repowering (Destec) -

Project”
Presented at the Korea Electric Power
Research Institute’s 2nd IGCC Workshop
in Seoul, South Korea




Appendix D
Run Documentation and Production Graphs

Run Documentation

2™ Commercial Year Downtime Analysis
Operational Run Periods for 1997
Monthly Plant Performance Data

1997 Cold Gas Efficiency

1997 Hours of Operation

1997 Gasifier Hours on Coal

1997 Produced Syngas

1997 1606# Steam Produced

1997 Sulfur Produced

1997 Slag Production

1997 Delivered Syngas

1997 Delivered #1600 LLB Steam

1997 Feed to Gasifier

1997 Monthly Power Production

1997 Energy Utilization (Gasifier)

1997 Electrical Energy Utilization

1997 Coal Feed to Gasifier

1997 Total Sulfur Emissions

1997 Pounds of SO2/MMBtu of Coal Feed



RUN DOCUMENTATION

RUN | START [ FINISH | DURATION REASON FOR TERMINATION
JANG7A | 1/1/97 1/2/97 24.37 Transferred off of coal operations to
00:00 00:22 Hours complete cleanout of ash deposition in
Hours Hours waste heat boiler inlet channel and
tubesheet.
JANGTB | 1/4/97 1/5/97 4.92 Transferred off of coal operations due
21:37 02:32 Hours to high differential pressures within
Hours Hours waste heat boiler.
JANO7C | 1/7/97 1/10/97 75.83 Gasifier trip on low level in waste heat
04:09 07:59 Hours boiler high pressure steam drum caused
Hours Hours by frozen BFW pressure transmitter
B:AI(262).
JAN9TD | 1/10/97 1/10/97 10.08 Gasifier trip on low level in waste heat
11:42 21:47 Hours boiler high pressure steam drum caused
Hours Hours by frozen BFW flow transmitter
B:AI(105).
JAN9TE | 1/11/97 1/12/97 23.05 Transferred off of coal operations at
01:53 00:56 Hours PSI request due to failed hein joint on
Hours Hours syngas feed valve to CT.
JANOTF | 1/13/97 1/14/97 13.32 Gasifier trip off of coal operations due
14:59 04:18 Hours to high differential pressure across the
Hours Hours V-157A-H back-up char filters.
Primary system failure.
FEBS7A | 2/1/97 2/1/97 3.52 Transferred off of coal operations due
09:11 12:42 Hours to slag removal difficulties. Gasifier
Hours Hours taphole plugged.
FEB97B | 2/12/97 2/19/97 163.27 Gasifier trip off coal due to loss of PSI
08:53 04:09 Hours boiler feedwater to waste heat boiler.
Hours Hours

#DE-FC21-92MC28310




RUN START | FINISH | DURATION REASON FOR TERMINATION
FEB97C | 2/19/97 2/20/97 28.35 Gasifier trip off coal due to loss of PSI
09:07 13:28 Hours boiler feedwater to waste heat boiler.
Hours Hours
FEB97 | 2/20/97 3/6/97 335.8 Transferred off of coal operations due
C 20:13 20:01 Hours to failure of G-121A slag crusher gear
MARY7 Hours Hours fluid coupling.
A
MARS7 3/6/97 3/6/97 0.08 Gasifier trip off coal due to loss of PSI
B 22:36 22:41 Hours boiler feedwater to waste heat boiler.
Hours Hours
MAR97 3/6/97 3/7/97 2.12 Transferred off of coal operations at
C 23:30 01:37 Hours PSI request due to leak-by on a syngas
Hours Hours feed control valve to the CT.
MAR97 3/1/97 3/7/97 2.78 Transferred off of coal operations due
D 16:08 18:55 Hours to flange leak and small syngas fire at
Hours Hours Waste heat boiler 36 outlet spool
piece.
MAR97 | 3/14/97 3/22/97 194.97 Transferred off of coal operation due
E 14:01 16:59 Hours to minor failure within BEW make-up
Hours Hours line to the Rx Device CW System.
MAR97 | 3/29/97 3/29/97 3.28 Gasifier trip off coal due to loss of PSI
F 14:11 17:28 Hours boiler feedwater to waste heat boiler.
Hours Hours
MAR97 | 3/29/97 4/8/97 228.15 Gasifier trip on low oxygen to fuel
G 21:54 10:03 Hours ratio due to loss of air flow to cold box
APR97 Hours Hours during failure of DPU#1 multi-point
A fuse and subsequent oxygen delivery

shortage

#DE-FC21-82MC29310




RUN START | FINISH | DURATION { REASON FOR TERMINATION
APR97B | 4/10/97 4/11/97 19.77 Gasifier trip on low oxygen to fuel
07:09 02:55 Hours ratio due to unload of Oxygen
Hours Hours Compressor after DPU#2 F3 fuse
failure
MAY97 | 5/13/97 5/13/97 6.45 Transferred off of coal operations due
A 16:21 22:48 Hours to PSI CT Nox injection valve
Hours Hours problems precluding acceptance of -
syngas
MAY 5/14/97 5/15/97 2.98 Transferred off of coal operations for
978 21:57 00:56 Hours noise curtailment after PSI Ct NOX
Hours Hours steam injection valves precluded
acceptance of syngas.

MAYS7 | 5/15/97 5/19/97 109.65 Transferred off of coal operations due
C 06:24 20:03 Hours to failure of B:AI(167) V-155B dP
Hours Hours transmitter tubing failure
MAY97 | 5/19/97 5/27/97 190.63 Transferred off of coal operations due
D 23:58 22:36 Hours to failure of PSI CT Frame Blower

Hours Hours

MAY97 | 5/29/97 5/29/97 245 Gastfier trip off coal operations due to

E 06:58 09:25 ~Hours main slurry feed flow instability

Hours Hours induced by P-110A/B

JUNOTA | 6/1/97 6/1/97 1.90 Transferred off of coal operations due
09:58 11:52 Hours to slag removal difficulties. Gasifier
Hours Hours taphole plugged.

JUN97B | 6/11/97 6/18/97 177.13 Transferred off of coal operations due
13:03 22:11 Hours to PSI solenoid valve failure on CT
Hours Hours : Syngas feed valves.

JUN97C | 6/19/97 6/22/97 83.40 Transferred off of coal operations due
09:45 21:09 Hours to high differential pressure in chioride
Hours Hours scrubbing system packing.

#DE-FC21-92MC29310




RUN START | FINISH | DURATION | REASON FOR TERMINATION
JUL97A | 7/13/97 7/13/95 6.37 Transferred off coal due to the syngas
14:25 20:47 Hours leak on the extraction gas flow meter,
Hours Hours A:AI(479).
JUL97B | 7/14/97 7/18/97 95.15 Gasifier trip off coal operations due to
09:35 08:44 Hours main slury feed flow instability
Hours Hours induced by P-110A/B.
JUL97C | 7/20/97 8/4/97 361.55 Gasifier tripped on low O2:coal ratio
AUG97 12:59 14:32 Hours due to loss of oxygen. Loose fuse in
A Hours Hours ASU caused oxygen vent valves to
open.
AUG97 8/4/97 8/11/97 149.03 Transferred off of coal operation due
B 20:24 01:26 Hours to high sulfur in the product gas. C-
Hours Hours 170 tray damage and faulty product
gas analyzer contributed.
AUGY7 8/11/97 8/26/97 349.60 Transferred off of coal operation due
C 15:06 04:42 Hours to high boiler differential pressure and
Hours Hours high boiler outlet temperature.
SEP97A | 9/13/97 9/13/97 0.30 Gastfier tripped on oxygen to coal
14:11 14:29 Hours ratio. Slurry magmeters were reading
Hours Hours erroneously.
SEP97B | 9/13/97 9/28/97 355.82 Gasifier tripped on loss of boiler feed
16:10 11:59 Hours water from PSL
Hours Hours
SEP97C | 9/28/97 10/7/97 222.58 Transferred off coal operation due to
OCT97 14:43 21:18 Hours high C-170 dp as a result of salt build
A Hours up in the column.
OCT97 | 10/12/97 | 10/12/97 10.20 Transferred off coal operation due to
B 12:31 22:43 failed M-120A slurry mixer.

#DE-FC21-92MC28310




RUN START | FINISH | DURATION | REASON FOR TERMINATION
NOV97 11/4/97 11/5/97 18.18 Manual trip of gasifier due to syngas
A 21:54 16:05 leak on DO-119.
NOV97 11/6/97 11/9/97 60.31 Manual trip of gasifier due to slag
B 17:17 5:35 grinder misalignment. Root cause
identified as gasifier differential
thermal growth,
NOV97 | 11/10/97 | 11/10/97 1.69 Manual trip of gasifier duve to syngas
C 22:00 23:41 leak on the inlet flange of the chloride
scrubber, C-165.
NOV97 | 11/12/97 | 11/12/97 3.17 Manual trip of gasifier due to failed
D 14:02 17:12 PSV on C-180 venting acid gas to the
flare.
NOV97 | 11/14/97 | 11/21/97 166.98 Manual trip of gasifier at PSI’s
E 19:46 18:45 request. PSI unable to re-light
combustion turbine after slurry mixer
upset forced them off line earlier.
NOVY7 | 11/22/97 | 11/22/97 7.52 Manual trip of gasifier due to high
F 9:16 16:48 level in the dry char vessel, V-155A.
NOV97 | 11/23/97 | 11/26/97 73.74 Manual trip of gasifier due to high
G 2:10 3:55 level in the dry char vessel, V-155A
NOV97 | 11/26/97 | 11/26/97 2.73 Manual trip of gasifier due to high
H 7:40 10:23 level in the dry char vessel, V-155A,
NOV9T7L | 11/26/97 | 11/28/97 36.35 Manual trip of gasifier due to plugged
19:46 8:07 overflow line from slag hopper.
DECY97 | 12/19/97 | 12/20/97 14.72 Manual trip of gasifier due to syngas
A 16:17 7:00 leak on dry char secondary filter, V-
158G.
DEC97 | 12/20/97 | 12/30/97 241.40 Manual trip of gasifier due to failed
B 16:15 17:39 decant filter in T-140C.

#DE-FC21-92MC29310




WRCGRP 2" Commercial Year Downtime Analysis

(Through November 30, 1997)

Principle Area (sub-totals) Attributable | Percentage of | % of Total
Downtime Total Downtime
Hours Downtime W/O SBOH
Stand-by Outage Hours (SBOH) 1873 39.88%
CT Combustor Cans and Nozzles 515
Pre-petcoke outage 354
Post petcoke outage 63
Taphole Plugging coal feed (pending) 244
Taphole plugging (BFW Loss/Tube Failure) 208
Slurry Feed System (pending) 86
CT Valve Problems 81
Steam piping failure 75
Steam outage (pending - October) 79
Steam outage (pending — September) 36
Boiler Tube Failures 36
Delays starting CT 37
CT Frame Blower Failure 27
BFW Loss 19
Noise Curtailment (CT Valve Problems) 13
Dry Char System 766 15.02% 24.99%
Pulse Valve and Vessel Refurbishing 260
Element Corrosion 114
High Element Resistance (plugging) 258
Primary Vessel High Level 49
Primary Vessel Inlet Valve Problems 24
Low Temperature Heat Recovery System 518 10.97% 18.26%
C-165 Packing Deposition (tars) 249
Chloride Scrubbing System Incident Damage Repair 220
C-165 Inlet line gasket failure 38
E-165 Rollout spool gasket failure 8
Ash Deposition 381 8.12% 13.50%
E-150 Ash deposition 119
PS-120, Horseshoe deposition 75
High E-150 Outlet Temp and differential pressure 187
High Temperature Heat Recovery Unit 323 6.87% 11.43%
Boiler Tube fouling and repair 96
E-150 seal leg drain, DO-119 failure 25
Spool and Flange leaks 202
Scheduled Outages 267 5.69% 9.46%
Air Separation Unit 198 4.21% 7.01%
Planning/Scheduling 157 31.35% 5.57%
Spare Parts/Work Scheduling 63
Missing V-155 gaskets 30
Re-work Screen riser/piglet 17
Dry Char/COS heat up 48
Gasifier 144 3.06% 5.09%
D-122 Make-up system failure 79
G-121 alignment/HR thermal growth 40
Failed slurry mixer, M-120A 11
Synpas leaks 13
Acid Gas System 59 1.26% 2.09%
PSV-180 Failure 24
C-170 not removing H28, high differential pressure 14
C-170 high differential pressure 16




WRCGRP 2" Commercial Year Downtime Analysis
(Through November 30, 1997)

Principle Area (sub-totals) Attributable | Percentage of | % of Total

Downtime Total Downtime

Hours Downtime W/O SBOH
Instrument Failure 37 0.78% 1.30%
Noise Curtailment (CT Valve Problems) 13 0.28% 0.46%
| Slag System 12 0.26% 0.43%

Plugged Chokes 16
Freeze Protection Failures 6 0.14% 0.23%
Sulfur Recovery Unit 5 0.11% 0.18%
| Total Hours of Downtime [ 469 [ 100% |




OPERATIONAL RUN PERIODS FOR 1997
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Monthly Plant Performance Data

PERFORMANCE DATA

Coal Gas Efficiency
Gasifier on Coal (Hours)

PRODUCTION DATA

Syngas on Spec (MMBtu) -
1600# Steam (Mibs)

Sulfur (MIbs)

Slag, Moisture Free (Mibs)

DELIVERED PRODUCTION

Actual Syngas Delivered (MMBtu)
1600# Steam (Mlbs)

MATERIAL/ENERGY USED

Coal, Moisture Free (Tons)

Coal (MMBtu)

intermediate Pressure Steam (Mibs)
Electrical Power, Total (MWh)
Oxygen, (Tons)

Fuel Gas (Mibs)

PLANT EMISSION DATA

Average Total Sulfur in Syngas (ppm)
Total 502 Emissions (Ibs)
802, (Total Plant Ibs/MMBtu of Coal Feed)

POWER PLANT PRODUCTION DATA

Combustion Turbine Generator (MWh)
Steam Turbine Generator (MWh)
Total Gross Generation (MWh)

Total Syngas Generation (MWh)

JAN FEB MAR APR MAY
68.78 71.31 73.11 74.61 74.31
151.15] 39094 39338 197.85| 31166
198422.2| 632819.3| 663668.6] 328199| 507538.5
62445.2| 168459.9| 180046.5|  84045| 140810.5
802| 12535| 18198 1113| 12708
1786| 5316.4] 54729 2742.8] 43157
160091.3| 607035.3| 633746.8| 317328.3| 478090.7
53890.4] 166675.6| 163834.1| 82511.1| 134278.4
14528.6| 41709.1| 42339.1] 205031} 32322.4
311726 894911| 908427.6| 439914 6| 693510.2
13084.7| 16773.1| 15820.8] 7178.3] 133305
21373.3] 21446.2| 237172 12483.3| 19312.3
11690.2| 33338.5| 34010| 168683} 27598.6
1863| 13923 1951 870.8| 2036.1
10251 12313 109.71| 104.37 87.95
35181.3| 91311] 79597.1 34067| 483577
0.109 0.101 0.077 0.069 0.063
27105  72754| 77071 397601 59145
12282| 36843| 37175 18501 30174
39387 100597 114248| 58261 89319
27830 27830| 107338 53755 82957




Monthly Plant Performance Data

PERFORMANCE DATA

Coal Gas Efficiency
Gasifier on Coat (Hours)

PRODUCTION DATA

Syngas on Spec (MMBtu)
1600# Steam (Mlbs)
Sulfur (Mibs)

Slag, Moisture Free (Mibs)

DELIVERED PRODUCTION

Actual Syngas Delivered (MMBtu)
1600# Steam (MIbs)

MATERIAL/ENERGY USED

Coal, Moisture Free (Tons)

Coal (MMBtu)

Intermediate Pressure Steam (Mibs)
Electrical Power, Total (MWh)
Oxygen, (Tons)

Fuel Gas (Mlbs)

PLANT EMISSION DATA

Average Total Sulfur in Syngas (ppm)
Total SO2 Emissions (lbs)

S02, (Total Plant Ibs/MMBtu of Coal Feed)

POWER PLANT PRODUCTION DATA

Combustion Turbine Generator (MWh)
Steam Turbine Generator (MWh)
Total Gross Generation (MWh)

Total Syngas Generation (MWh)

JUN

75.33
262.33

426956.6
1217315
1112.4
34747

406565.5
113389.2

26547.2
569597.7
12339.9
22498 .6
22316
1722.7

120.95
607485
0.095

53235
26409
79644
67781

JUL

73.65
376.68

611182
176069.7
1662.2
5085.2

592472.3
174728.1

38756.3
831554.5
13573.9
25472.4
32372.8
1499.5

151.06
130027.3
0.142

70501
35912
106413
99191

AUG SEP
73.14 75.44
585.2 413.39

959154.5) 626836.7
250996.5| 182914.3
2549.8 1494 5
7951.5 5275.8
936900.1 600515
257471.4] 171188.4
61599.7| 39400.1
1321684 845561.4

186616.1] 13770.3

25472.4| 24650.8

49357.5] 332356

1418.9 1056.3
170.03 224 51
211043.9{ 1231076
0.156 0.136

108784 70671
55249 37350

164033| 108021

106411 101672

76.12
175.54

258602.8
77690.4
9226
2188.3

249046.4
70244.9

15947 5
342170.2
8670.3
224131
143749
1478.5

200.97
61806
0.154

30132
16012
46144
44042




Monthly Plant Performance Data

PERFORMANCE DATA

Coal Gas Efficiency
Gasifier on Coal (Hours)

PRODUCTION DATA

Syngas on Spec (MMBtu)
1600# Steam (MIbs)
Sulfur (Mlbs)

Slag, Moisture Free (MIbs)

DELIVERED PRODUCTION

Actual Syngas Delivered (MMBtu)
1600# Steam (MIbs)

MATERIAL/ENERGY USED

Coal, Moisture Free (Tons)

Coal (MMBtu)

intermediate Pressure Steam (Mlbs)
Electrical Power, Total (MWh)
Oxygen, (Tons)

Fue! Gas (Mibs)

PLANT EMISSION DATA

Average Total Sulfur in Syngas (ppm)
Total 802 Emissions (Ibs)
S0O2, (Total Plant Ibs/MMBtu of Coal Feed)

POWER PLANT PRODUCTION DATA

Combustion Turbine Generator (MWh)
Steam Turbine Generator (MWh)
Total Gross Generation (MWh)

Total Syngas Generation {(MWh)

NOV

85.47
370.89

572826.2
156637.4
2116.6
4337.2

529646.9
1414234

313061
671703
14513.3
232826
31360
1989.8

66.3
73649.3
0.091

66918
31639
98577
75931

=
m
o

72.72
255.95

427659.9
118472.4
1053.3
3461.2

415397.3
111596.6

278539
597632.7
- 8961.2
18016.2
22069.3
813.2

79.33
69657.3
0.108

48978
24277
73255
69437
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APPENDIX E

ENVIRONMENTAL TESTING

In May of 1997, GSI| contracted with TRC Environmental Corporation to complete
comprehensive environmental testing of both proprietary and non-proprietary
streams within the Gasification facility. Included herein, is the results of that
comprehensive analysis program for the following non-proprietary locations:

Tail Gas Incinerator Stack

Sweet Syngas Stream (Product Gas)
Equipment Leak Fugitive Emissions
Coal Slurry

Slag

Suifur

Process Wastewater

Additionally you will find a copy of the Lab Report dealing with detailed analysis of
the solids streams entitled “Solids Sampling Certificate of Analysis” which was also
included in this comprehensive analysis.



ENVIRONMENTAL TESTING
1997

In May of 1997, GSI contracted with TRC Envirommental Corporation to complete
comprehensive testing of both proprietary and non-proprietary streams within the
Gasification facility. The purpose of this testing was to prove the environmental integrity
of the gasification process and to facilitate continued ways to improve upon the
environmental performance.

During this testing period, the plant was operating at maximum capacity based on
combustion turbine and steam turbine demand. Hawthorne coal was being utilized as the
primary feedstock and no other unusual activities or trials were underway during this
testing period. The values for all the parameters tested should indicate maximum
concentrations under normal operating conditions. Tail gas recirculation rate and
AGR/SRU performance are the only variables that would have an effect on the emissions
as indicated. During this testing period, the AGR and SRU were operating within the
normal guidelines of the manufacturer and the tail gas recirculation rate was operating
within its normal flow. Other information that may have affected the results of this
comprehensive testing are indicated within the body of the 1997 annual report or
contained within the Appendices. It should be noted however, that every effort was made
during this testing period to maintain a stable, consistent operation of the gasification
process and to maintain the combustion turbine and steam turbine at peak load. Results
of this testing were used to confirm our initial air permit application and must meet the
demands of the EPA for quality of analysis and operational statistical recovery.



Table 2-5

Emissions Summary
Site Location 7 - Tail Gas Incinerater Stack

DATE 05/20/97 05/21/97 05/22/97 Average
TEST NUMBER 1 2 3

Stack Gas Propertics’

Stack Temperature °F 488 476 166 476
Moisture %Y 13.5 1.0 10.7 11.7
Volumetric Flow Rate, Actual acfm’ 14760 13927 13631 14‘106
Volumetric Flow Rate, Dry Std.  dscfm’ 7021 6943 6896 6953
Volumetric Flow Rate, Dry Std.  dscavhr 11930 11798 11718 11816
Emissions Concentration

Antimony mg/dsem <0.092 <9.12E-03 <9.32E-03 <9.22E-03
Arsenic mg/dscm <0.092 0.020 0.008 0.014
Cadmium mg/dsem <4.59E-03 <4 56E-04 <4.66E-04 <4.61E-04
Chromium mg/dscm <9.18E-03 7.62E-03 9.54E-03 8.58E-03
Cobalt mg/dsem <9.18E-03 <9.12E-04 1.51E-03 <1.21E-03
Mangancse’ mg/dsem 488 0.050 0.022 0.036
Mercury mg/dsem 4.61E-03 2.95E-03 4.534E-03 3.73E-03
Nickel mg/dscm <0.018 2.96E-03 4 44E-03 3.70E-03
Selenium mg/dscm <(.092 <9.12E-03 <9 32E-03 <9.22E-03
Particulate Matter (total) grains/dscf 0.030 0.042 0.007 0.026
Particulate Matter (PM10) grains/dscf 0.006 0.005 0.003 0.005
Sulfuric Acid mg/dscm 93.0 no data’ 59.0 76.0
Hydrogen Sulfide ppmy <0.040 <0.040 <0.040 <(0.040
Benzene ppmy <0.047 <0.048 0.250 <0.115
Toluene ppmv 0.056 <0.048 <0.047 <0.050
Ethy! Benzene ppmv 0.156 <0.048 0.082 <0.093
Total Xylenes ppmv <0.047 <0.048 <0.047 <0.047
Ammonia mg/dscm 292 <3.51 <271 <j1.8
Cyanide mg/dsem <0.158 <0.134 <0.1135 <0.136
Phenol mg/dsem <0.442 <0445 <0.441 <0.443
Hydrogen ppmv , <190 <1%0 <190 <190
Methane ppnmv <20.0 <200 <20.0 <20.0
Carbon Dioxide Yo-dry 19.5 15.6 13.3 16.1
Oxygen Yo-dry 10.1 10.4 11.7 10.7
Carbon Monoxide ppm <1.00 <).00 <1.00 <1.00
Sulfur Dioxide ppm 1463 713 732 970
Nitrogen Oxides ppril 187 178 167 177
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Emissions Summary

Table 2-5

Site Location 7 - Tail Gas Incinerater Stack

(Continued)

DATE 05/20/97 03/21/97 05/22/97 Average
TEST NUMBER 1 2 3

l )|

Mass Emission Rate

Antimony bs/hr <2.41E-03 <2.37E-04 <2.41E-04 <2.39E-04
ATsenic bs/hr <2 41E-03 5.08E-04 2.07E-04 3.58E-C4
Cadmium Ibs/hr <] 21E-04 <1 19E-05 <1.20E-05 <1.19E-03
Chromium Ibs/hr <2 41E-04 1.98E-04 2.47E-04 2.22E-04
Cobalt lbs/hr <2 41E-04 <3.37E-05 3.90E-05 <3 14E-03
Manganesc® Ibs/hr 1.28 1.29E-03 5.69E-04 9.30E-0+4
Mercury Ihs/hr 1.21E-04 7.68E-03 1.17E-04 9.71E-05
Nickel lbs/hr <4.83E-04 7.70E-05 1.15E-04 9,58E-05
Selenium los/hr <2.41E-03 <2 37E-04 <2.41E-04 <2.39E-04
Particulate Matter (total) ibs/hr 1.79 2.36 0.42 1.52
Particulate Matter (PM10) Ibs/hr 0.37 0.27 0.19 0.28
Sulfuric Acid Tos/hr 2.43 no data’ 1.52 1.98
Hydrogen Sulfide lbs/hr <1.49E-03 <1.47E-03 <1.46E-03 <1 47E-03
Benzene Ibs/hr <4.01E-03 <4.05E-03 <0.021 <1.23E-02
Toluene lbs/hr 5.63E-03 <4.78E-03 <4 64E-03 <4.71E-03
Ethyl Benzene lbs/hr 0.017 <5,51E-03 9.34E-03 <7.42E-03
Total Xylenes lbs/hr <4.01E-03 <4.05E-03 <3.94E-03 <4.00E-03
Ammonia lbs/hr 0.767 <0.091 <Q.070 <(.081
Cyanide 1bs/hr <(.004 <0.003 <0.003 <0.003
Phenol lbs/hr <0.012 <0.012 <0.011 <0.011
Hydrogen lbs/hr <0.419 <0.415 <0412 <0.413
Methane lbs/hr <0.372 <0.368 <(.363 <(0.367
Carbon Monoxide Tbs/hr <0.031 <0.030 <0,030 <0.030
Sulfur Dioxide Ibs/hr 102 493 504 67.4
Nitrogen QOxides lbs/hr 9.38 8.84 8.23 $.82

1 - Stack gas properties were taken from Method 29 testing,

2 - acfm = actual cubic feet per minute, _

3 - dscfim = dry standard cubic fect per minuate at 68°F and 29.92 in. Hg.

4 - Sample was accidentally broken at the laboratory.

5 - KMnQ, contaminated HNO:/H,0: in sample 1 with manganese duc o sampling train backflusk. Sample 1 data
was not included in average.



Table 2-6

Process Gas Analysis Summary
Site Location 8 - Sweet Syngas

DATE W 0520097 05/21/97 [ 05/22/97

SAMPLE NUMBER 1 2 3 Average
TIME 17:55-18:59 | 10:35-11:35 | 07:30-08:30

Process Gas Propertics

Temperature °F 417 418 429 421
Moisture % 1.21 1.74 2.44 1.80
Volumetric Flow Rate, Dry Std. dscfm’ 7405 7500 7526 7477
Volumetric Flow Rate, Dry Std. dscm/hr 12383 12744 12788 12705
CO; Y-dry 17.0 17.0 17.0 17.0
0, Yo~dry <1.00 <1.00 <1.00 <1.00
Hvdrogen Sulfide

Concentration ppm 88.4 416 36.0 353
Process Flow rate lbs/hr 3.48 1.66 1.44 2.19

1 - dscfm = dry standard cubic feet per minute at 68°F and 2992 in. Hg.
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Table 2-7

Plant Air Sampling Summary
Site Location 16 - Equipment Leaks

SAMPLE LOCATION 2 3 5 AVERAGE
DATE 5120/97 5/21/97 5122197

METHODS 3A AND 10

Time : | 16:40-17:00 10:30-11:30 07:30-08:30
Carbon Thoxide Concentration ppm <}.00 <1.00 <1.00 <1.00
Carbon Monoxide Concentration ppm <1.00 <1.00 . 430 <2.10

METHOD TO-14

Tiune 16:40-17:45 10:30-11:30 07:30-08:30

Hydrogen

Concentration % <0.019 <0.020 <0.018 <0.019%
Concentration ppmv <190 <200 <8¢ <190

Mecthane .

Concentration Yo <0.002 <0.002 <0.002 <(C.002
Concentration ppmyv <20.0 <20.0 <20.0 <20.0

Benzene

Concentration ppmy <0.047 <(.005 <0.005 <0.019
Toluene

Conecentration ppmv . <0.047 <0.005 0005 <0.019
METHOD 18

Time 16:40-17:00 10:30-11:30 07:30-08:30

Hydrogen Sulfide
Concentration ppmv <(.040 <0.040 0.047 <0.042

METHOD 18 (NIOSH 1501)

Time 16:40-18:40 10:30-12:30 07:30-09:30

Naphthalene

Concentration ugfiter <0.083 <() 083 - <0.083 <0.083
Concentration ppmv <0.016 <0.016 <0.016 <0.016




Table 2-8

Plant Air Sampling Summary
Site Location 17 - Slurry Preparation

DATE
SAMPLE NUMBER
TIME

5120/97
1

3121197
2

5722197

3

12:00-20:00 { 12:00-20:00

07:35-14:40 | 07:35-14:40

06:29-12:40

(06:35-12:40

Sample Location

Particulate

Concentration pg/m®
PM,,

Concentration ug/m’

2nd floor 3rd floor

389 77.6

22.9 70.0

2nd fioor Ird floor

67.2 224

72.5 163

2nd floor

62.6

863

3rd floor

89.1

107
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Table 2-9

Coal Slurry Analysis Summary
Site Location 1

SAMPLE NUMBER 1 2 3 AVERAGﬂ
DATE 5/20/97 5121197 5/22/97

Group I Metals

Antimony mg/kg <10.00 <10.00 <10.00 <10.00
Arsenic mg/kg <10.00 <10.00 <10.00 <10.00
Cadmium- mg/kg <0.50 <0.50 <0.50 <0.50
Chromium mg/kg 4.77 4,21 4,67 4.55
Cobalt g 1.78 1.54 1.69 1.67
Manganese mg/kg 136 10.8 11.8 12.07
Mercury mg/kg <0.08 <0.08 <(.08 <0.080
Nickel mg/kg 55 4.18 5.22 497
Selenium mg/kg <10.00 <10.60 <10.00 <10.00
Group IT Mectals

Aluminum mg/kg 361 271 338 323.33
Barium mg/kg 6.93 4,88 7.2 6.34
Beryllium mg/kg 1.3 ¢.976 1.27 118
Boron mg/kg 104 8L.6 112 99.20
Calcium mg/kg 2250 1480 1630 1787
Copper mg/kg 3.74 2.89 3.15 3.26
Iron mg/kg 6840 5350 5290 5827
Lead mg/kg <5.00 <5.00 <5.00 <5.00
Magnesium mg/k 342 236 288 289
Molybdenum mg/kg <1.0 <1.0 <1.0 <1.0
Phosphorous mg/L P 28.00 21.80 6.20 18.67
Potassium mg/kg 129 99.8 124 118
Silicon mg/kg 155 133 169 152
Silver mg/kg <l.0 <i.0 <1.0 <1.0
Sodium mg'kg 528 st 304 394
Thallium mg/kg <20.0 <20.0 <20.0 <20.0
Vanadium mg/kg 1030 8.67 975 9.57
Zing mg/kg 26,30 27.90 25.70 26.70
Ultimate Analysis

Carbon % 69.68 69.33 67.98 69.00
Hydrogen % 4.79 4.72 4.66 4.72
Nitrogen %o 1.33 140 1.44 1.46
Oxygen % 12.03 13.35 13.33 12.90
Sulfur % 0.26 0.17 (.44 0.29
Ash Yo 11.66 10.97 12.05 il.56
TCLP (total) mg/L <0.342 <].0} <0787 <0.713
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Table 2-10

Sour Water Analysis Summary
Site Location 4

SAMPLE NUMBER 1 2 3 AVERAGE
DATE 5/20/97 5/21/97 5/22/97

pH 9.05 8.35 8.34 8.58
Amumonia mg/L N 865 1710 . 1880 1485
Cyanide mg/L 3.12 2.16 373 3.00
Sulfides ‘ mg/L 7.62 362 9.62 862
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Table 2-11

Slag Analysis Summary

Site Location 10

SAMPLE NUMBER 1 2 3 AVERAGE
DATE 5/20/97 5/21/97 5/22/97

Carbon Content % 20.44 15.02 11.55 15.67
Moisture Content Y 41.28 30.5 18.73 30.17
'‘Group I Metals

Antimony mg/kg <10.0 <10.0 <10.¢ <10.0
Arsenic mg/kg <10.0 <10.0 <10.0 <}0.0
Cadmium mg/kg <0.50 <0.50 <0.50 <0.50
Chromium mg/kg 29.1 332 24.5 29.60
Cobalt mg/kg 473 5.69 5.62 5.35
Manganese mg/kg 336 36.8 29.4 333
Mercury mg/kg <0.08 <0.08 <0.08 <0.08
Nickel mg/kg 248 213 22.6 22.9
Selenium mg/kg <10.0 <10.0 <10.0 <10.0
Group IT Metals

Aluminum mg'kg 7610 10400 7370 8527
Barium mg/kg 34.4 45.1 34.1 37.9
Beryllium mg/kg 1.78 25 1.81 2.03
Boron mg/kg 106 157 122 128
Calcium mg/kg 8810 10600 8350 9253
Copper mg/kg 10.3 11.7 13.9 12.0
Iron mg/kg 16300 18600 16900 17267
Lead mg/kg 7.44 8.07 9.07 8.19
Magnesium mg/kg 1320 1610 1220 1383
Molybdenum mg/kg 5.09 2.04 2.78 3.30
Phosphorous mg/L. P 117 <0.020 <0.020 <39.0
Potassium mg/kg 1580 2010 1470 1687
Silicon mg/kg 1190 1490 941 1207
Silver mg/kg <1.0 <1.0 <]1.0 <1.0
Sodium mg/kg 779 9205 546 743
Thallium mg/L <0.40 <0.40 <0.40 <(.40
Vanadium mg/kg 21.90 30.40 23.00 2510
Zine mg/ke 20.80 38.10 40.00 32.97
ITCLP (total) mg/L <0.406 <0735 <0.904 <0.682
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Table 2-12

Sulfur Analysis Summary
Site Location 11

SAMPLE NUMBER 1 2 3 AVERAGE
DATE 5/20/97 5/21/97 3/22/97
ITCLP (total) mg/L 0.904 0.111 0.138 0.391

27



Table 2-13

Process Wastewater Analysis Summary
Site Location 13

SAMPLE NUMBER 1 2 3 AVERAGE
DATE 5/20/97 5121197 5/22/97

Priority Pollutant BNA's’ ng/L <10.0 <10.0 <10.0 <10.00
pH 8.32 8.89 9.46 8.89
Acidity mg/L CaCOs <10.0 <10.0 <10.0 <10.00
Alkalinity mg/L CaCO; 290 229 114 211
Conductivity umhos/cm 4690 4070 1930 3563
Total Solids mg/L 3450 2960 1430 2620
Tatal Suspended Solids mg/L <10.0 <10.0 <10.0 <10.0
Total Dissolved Solids mg/L 3450 3030 1430 2637
BOD (5 day) mg/L 169 <6.0 60.8 <78.60
COD mg/L 323 235 91.2 223
Total Oxygen Demand mg/L. 492 261 152 302
TOC mg/L 136 116 354 95.80
Total Inorganic Carbon mg/L 109 1190 323 8§3.77
Qil & Grease mg/L <5.0 <5.0 <3.0 <30
Ammonia-N mg/L N 12.8 20.3 2.68 11.93
Cyanide mg/L 12.7 8.1 333 8.04
Formate pg/ml 1.68 1.11 27.92 10.24
Phenols mg/l. <0.10 <0.10 <0.10 <0.10
Thiccyanate ug/ml 11.89 7.63 279 744
Sulfides mg/L 22 <1.50 <1.50 <1.73
Sulfites mg/L <30 <4.0 <40 <4.0
Sulfates mg/lL 1010 637 531 733
Chlorides mg/L 770 7306 262 587
Fluorides mg/L 110 77.2 6.23 64.5
Nitrates mg/L N 4 88 4.02 3.02 3.97
Nitrites mg/L N 0.063 D.081 0.123 0.089
Group I Metals

Antimaony mg/L <(. 100 <(.100 <Q.100 <(.100
Arsenic mg/L 0.563 0.343 0.121 0.342
Cadmium meg/L <0.005 <().005 <0.005 <0.003
Chremium meg/L 0.010 <0010 <0.010 <0.010
Cabalt mg/L <0.010 <000 <0.010 <0Q.010
Mangancse meg/L. 0.013 0.011 0.006 0.010
Mercury mg/L <(.0002 <0.0002 <0.0002 <(.0002
Nickel mg <0.02 <0.62 <0.02 <0.020
Selenium mg/L 1.68 2.04 0.154 1.29
-
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Table 2-13

Process Wastewater Analysis Summary
Site Location 13

{Continued)
SAMPLE NUMBER 1 2 3 AVERAGE
DATE 5/20/97 $/21/97 5122197
Group IT Métals
Aluminum mg/L 0.562 0.655 0.134 0.450
Barium mg/L 0.027 0.023 0.035 0.028
Beryllium "mg/L <0.002 <0.002 <0,002 <0.002
Boron mg/L 207 4372 3.04 2531
Calcium mg/L 80.9 71.7 116 90
Copper mg/L <0.020 <0.020 <0.020 <0.020
Iron mg/L 5.51 3.22 1.44 3.39
Lead mg/L <0.030 <0.050 <0.050 <0.030
Magnesium mg/L 17.5 21.2 374 254
Molybdenum mg/L 0.014 0.013 0.018 0.015
Phosphorous mg/L P 0.865 0.728 1.23 0.941
Potassium mg/L - 11.7 9.80 13.6 11.7
Silicon mg/L 2.88 4.09 1.81 2.93
Silver mg/L <0.010 <0.010 <0.010 <(.010
Sodium mg/L 989 861 259 703
Thallium mg/L. <0.40 <0.40 <(.40 <0.40
Vanadium mg/L <0.010 <0010 <0.010 <0,010
Zinc mg/L 0.078 0.058 0.052 0.063

1 - All semivolatile target compounds were below the minimum quantitation limit of 10 pg/L. Several
compounds were detected at levels below the quantitation limit and estimated concentrations for
these compounds are provided in the laboratory report included in Appendix M.
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KOSS Anarytical dDervices, 1nce,
16433 Feliz Industrial Parkway * Stroagsyalic. Ovo 44136
(216) 572-3200 « Fax (2161 §72-7620 » 1.800-323.7737

CERTIFICATE QF ANALYSIS

Client:
TRC Envircnmental Corp. Work Oxder #: 97-05-181
Ft of John St Boot Mills Client Code: TRC_LOWELL
Lowell, MA 01852 Peport Date: 06/25/97
Work ID: Samples for mutliple tests
Attn: Ed MacKinnon Date Received: 05/23/57

Purchase Order: 22428003000000/Destek

SAMPLE IDENTITICATION

Lab Sample . Lab Sample

Numbey Description Number Descrivtion

01 Ceal Slurry DES-#1-COMP-1 ¢2 Coal $lurry DES-#1-COMPE-2
03 Coal Slurry DES-#1-COMP-3 04 Sour Watery DES-£4-COMP-1

05 Sour Water DES-#4-COMP-2 058 Sour Water DES-4<¢-COME-3

07 Slag DES-#1C-Grab-1 08 Slag DES-#10-Grab-2

09 Slag DES-#10-Grab-3 10 Sulfur DES-#11-GRAB-1

11 Sulfur DES-#11-GRAB-2 .12 Sulfur DES-§#11-GRAB-3

Enclosed are the analytical results for the samples listed
above. Analyses were performed by the methods referenced in
the Test Methodolegiles section, while any special circum-
stances are described in the Report Comments section. Unless
otherwise noted, sample results are not moisture-corrected.
Most analytes are repcrted relative to an Estimated Quantita-
tion Limit {EQL), which is the lowest concentration that can
be reliably measured under routine laboratory conditions.
Questions or comments concerning the enclosed results should
ba directed to your Client Services Pepresentative.

Ultimate analysis was dons at Galbraith Labs
Grain size was done at Solar Labs
Their reports are included

W 4{”#

Certificace¢§b§f@ved by
Carol L.~ Turner
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Work Order # 97-05-181 Ross AnalYt?cal Services, Inc Reported: 06/15}97

TEST METHODOLOGIES

Ammonia was determined by distillation from alkali followed by manual titration
as in EPA Method 350.2.

pH was determined in aqueous liquids electrometrically as in EPA 150.1 and
§040B. It was determined as soon as possible afrer sample receipt. Because the
stated holding time for pH is "immediately [after collectien]*, this analysis
was past its holding time.

sulfide was determined by icdometric titration as in EPA Method 376.1 and 90307,

Total cyanide was determined by distillation followsd by manual celorimstry as
in EPA Metheods 335.2 and 5010A.

Total phosphorus was determined by acid persulfate digestion fcocllowed by manual
colerimetry as in EPA Method 385.2.

The bottle leaching step of TCLP (for metals and semivolatile organics) was
performed by EPA Method 1311. Matrix spikes, if any, were added at the time of
digestion or extraction for further analyses. '

The Zero Headspace Extraction (ZHE) leaching step of the TCLP (for volatile
crganics) was performed by EPA Mzthod 1311. Bias adjustment spikes, if anv,
were zdded at the time of digestion or extraction for further analyses.
Reported results are not bias adjusted.

TCLP target list organochlorine pesticides and PCB's were determined using gas
chromatography with electron capture detection as in EPA Method B080A.

TCLP target list phenoxy acid herbicides were determined by gas chromatography
with electron capture detection as in EPA Method 8150EB.

Metals were determined in agueous samples and leachates by digestion with nitric
and hydrochloric acids as in EPA Method 3010A, followed by Inductively Coupled
Plasma Emission Spectroscopy as in EPA Method 6010A unless noted othesrwise.

Mercury was determined in agueous samples and leachates by cold vapor atomic
absorption after acid/permanganate digestion as in EPA Methods 245.1 and 7470R.
2 single analysis was performed unless otherwise noted.

Metals were determined in solid and non-aqueous ligquid samples bv digestion with
nitric acid, hydrocgen peroxide, and hydrochleric acid as in EZL Mechod 30504,
followed by Inductively Courled Plasma Emission Spectroscopy as in EPA Method
60102, unless noted otherwise.

Mercury was determined in s0lid and non-aguecus liguld samples by cold vapor
atomic absorption zfter acid/permanganate digestion as in EPL Methods 245.5 and
7¢71A4. A single analysis was performed unless otherwise rnoted.

tile organics were derermined by gas chromatography/mass

TCLP target list wvola
EPA lMa=thod 82408, using a capillary columrn.

spectrometry as irn



l'\F\JH'ru

Work Order # 97-05-181 Ross Analytical Services, Inc Reported: 06/12/97

TCLP target list semivolatile organics (base/neutral/acid) were determined by
gas chromatography/mass spectrometry as in EPA Masthod 8270B.

Aguecus samples and leachates were extracted for sewmivolatile crganics in a
continuous extractor using methylene chloride as in EPA Mathod 35208

Agueous samples and leachates were extracted for organcochlorine pesticides and
BCB's in & continuous extractor using methylene chloride as in EPA Method 3520B.

igueous samples were extracted for phenoxy acid herbicides in a separatory
funnel with diethyl ether and derivatized with diazomethane as in EPA Method
8150R.
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Work Order # 57-05-181 Ross Analytical Setvices, Inc Reported: 06/12/97
Sample Description: Coal Slurry DES-#1-COMP-1 Lab No.: 01

Analyte Descripticn Result Units EQL
Aluminum by ICP 3l mg/Kg 10
Antimony by ICP <EQL mg /Kg 10
Arsenic by ICP <EQL mg /Ke 10
Barium by ICP 6.23 mg/Kg 0.40
Beryllium by ICP 1.30 mg /Kg 0.20
Cadmium by ICP <EQL ma/Kg Q.50
Calcium by ICP 22590 mg /Kg 2
Chromium by ICP 4.77 mg /g .0
Cobalt by ICP 1.78 g/¥g 1.0
Copper by ICE 3.74 mg/Kg 2.0
Iron by ICP 6840 mg/Kg 10
Lead by ICP <EQL mg /Xg 5.0
Magnesium by ICP 342 mg /Kg 10
Manganese by ICP 13.6 mg/Kg 0.50
Molybdenum by ICP <EQL mg /Kg _ 1.0
Mickel by ICP 5.5 mg/Kg 2.0
Potassium by ICP 129 mg/Kg 20
Salenium by ICP <EQL mg/Kg 10
Silicon by ICP 155 mg/Kg 50
Silver by ICP <EQL mg /Kg 1.0
Sodium by ICP 528 mg /Kg 50
Thallium by ICP <EQL mg/Kg 290
Vanadium by ICP 10.3 mg /Kg 1.0
Zinc by ICP 26.5 mg /Kg 2.0
Boron by ICP 104 mg/Kg 5.0
Mercury by CVAA <EQL ng /¥g 0.08
Total P by EPA 365.2 . 28.0 ng/L P 0.020
Sample Description: Ceoal Slurry DES-#1-COMB-2 Lab No.: 02

Enalvyte Description Result Units EQL
Bluminum by ICP 271 mg/Kg 10
Entimony by ICP <EQL mg /Ey 10
Arsenic by ICP <EQL mg /Kg 10
Barium by ICP 4.88 g/ Ky 0.4
Beryllium by ICP 0.97¢ rg/¥g 0.20
Cadmium by ICP <EQL mg /Eg 0.50
Calcium by ICP 1480 mg/rg 20
Chromium by 1ICPp 4.21 mg/kg 1.0
Cobalt by ICP 1.54 m3z/Kg 1.0
Copper by ICP 2.89 mg/Kg 2.0
Iron by ICP 5350 mg/rg 10
Lead by ICP <EQL mg/Kg 5.0
Magnesium by ICP 138 g /Eg 10

Manganase py ICP 10.8 mz /Kg 0.5¢0



Work Order # 87-05-1B1

Analvte Description
iclybdenum by ICP
Nickel by ICP
Potassium by ICP
Selenium by ICP
Silicon by ICP
Silver by ICP
Sodium by ICP
Thallium by ICP
Vanadium by ICP
Zinc by ICP

Eorcn by ICPE
tercury by CVAA
Tozal P by EPA 23g5.2

Sample Description: Coal Slurry DES-71-COMP-3

Analyte Descriptien
Aluminum by ICP
Antimony by ICP
Arsenic by ICP
Barium by ICP
Beryllium by ICP
Cadmium by ICP
Calcium by ICP?
Chromium by ICP
Cobalt by ICP
Copper by ICP
Iron by ICP

Lead by ICP
Magnesium by ICP
Manganese by ICP
Molybdenum by ICP
Nickel by ICP
Potassium by ICP
Selenium by ICP
Siliceon by ICP
Silver by ICP
Socdium by ICP
Thallium by ICP
vanadium by ICP
Zinc by ICP

Borcn by ICP
Mercury by CVAA
Total P by EPA 365.2

Result

<EQL
4,18
99.8
<EQL

133
<EQL

351
<EQL
8.67
27.9
g1.6
<EQL
21.8

Result

338
<EQL
<EQL

7.2
1.27
<EQL
1630
4.67
1.68
3.15
5280
<EQL

288
11.8
<EQL
5.22

124
<EQL

162
<EQL

304
<EQL
9.75%
25.7

112
<EQL
6.20

Ross Analytical Services, Inc

mg/Kg 1.0
mg/Kg 2.0
mg/Kg 20
mg/Kg 10
mg/Kg 50
ng/Kg 1.0
mg/Kg 50
mg/Kg 20
mg/Kg 1.0
mg/ Kg 2.0
oG/ Kg 5.0
mg /Ky 0.08
ma/L P 0.020
Lab Ne.: 03
Units EQL
mg/Kg 10
ma/Kg 10
mg/Kg 10
mg /Kg 0.40
mg/Kg 0.20
mg/Kg 0.50
ms/Kg 20
mg / ¥g 1.0
mg / Kg 1.0
my /Ky 2.0
mg/Kg 10
mg /Kg 5.0
mg/Kg 10
mg/¥g 0.50
mg /Kg 1.0
mg/Kg 2.0
mg/Kg 20
ma /Ky 10
mg /g 53
o /Y 1.0
mag/¥a S0
ma/Kg 20
ng/¥g 1.0
mg/Es 2.0
mg/rg 5.0
mg/Kg 0.08
mg/L P 0.020

\‘lf\l\f,l]d

Reported:



Work Order # 97-05-181 Ross Analytical Services, Inc

Sample Description: Sour Water DES-£4-COMP-1 Lab No.:

Analvte Description Result Units
Ammonia by EPA 350.2 B6S mg /L N
Total CN by EPA 335.2/9010 3.12 mg/L
Sulfide by 376.1/9030A ' 7.62 mg/L
Sample Description: Sour Water DES-#4-COMP-2 Lab No.:

Analyte Descriptiocn Result Units
PH by EPA 150.1/9040B B.35 Standard units
Rmmonia by EPA 350.2 1710 mg/L N
Total CN by EPA 335.2/9010 2.16 mg /L
Sulfide by 376.1/9030A 8.62 mg/L
Sample Description: Sour Water DES-#4-COMP-3 Lab No.:

Analvte Description Result Units
PH by EPA 150.1/9040B 8.34 Standard units
Ammonia by EPA 350.2 1880 mg/L N
Total CN by EPA 335.2/9010 3.73 mg /L
Sulfide by 376.1/9030A $.62 mg/L

Sample Descripticon: Slag DES-#10-Grab-1

Analyte Description Result
Total P by EPA 365.2 117
Thallium by ICP <EQL
Aluminum by ICP 7610
Antimony by ICP <EQL
Arsenic by ICP <EQL
Barium by ICD 334
Beryllium by 1CP 1.78
Cadmium by ICP <EQL
Calcium by ICP EB10
Chromium by ICP 29.1
Cobalt by ICP 4.73
Ccpper by ICp 10.3
Iron by ICP 16,300
Lead hy ICP 7.44
Magnesium by ICPp 1320
tlanganese by ICP 33.6
Moliybdenum by ICP 5.09

.8

R

Nickel by ICp 2

Lak No.:

Units
mg/L P
mg /L
mg/Kg
mg/Kg
mg /Kg

mg/Kg
g/kg
mg /Ka
mg /Kg
mg/te
mg/Kg
mg /g
mg/Kg
mg /Kg
mg /Ky
ma/Hs

mg/ ke

04

B
Qe

=
(8]

05

EQL

L.5
0.010
1.5

EQL

1.5
0.010
1.5

07

EQL
0.020
0.40
10

10

10

0.20

20
1.3
1.0
2.0

10
5.0

13

.50
1.0
2.0

Reported:

ISIRICARIET
Ce/12/97



Work Order # 97-05-181

Analyte Description Result
Potassium by ICP 1580
Selenium by ICP <EQL
Silicon by ICP 11580
Silver by ICP <EQL
Sodium by ICP 779
Vanadium by ICP . ' 21.9
Zinc by ICP 20.8
Boreon by ICP loe
Mercury by CVAA <EQL

Sample Description: Slag DES-#10-Grab-2

Analvte Description Result
Total P by EPA 365.2 <EQL
Thallium by ICP <EQL
Aluminum by ICP 10,400
Antimony by ICP <EQL
Arsenic by ICP <EQL
Barium by ICP 45.1
Beryllium by ICP 2.5
Cadmium by ICP <EQL
Calcium by ICP 10,600
Chromium by ICP 35.2
Cobalt by ICP . 5.68
Copper by ICP 11.7
Iron by ICP 18,600
Lead by IC? §.07
Magnesium by ICP 1610
Manganese by ICP 36.8
Molybdenum by ICP 2.04
Nickel by ICP 21.3
Potassium by ICP 2010
Selenium by ICP <EQL
Silicon by ICP 1490
Silver bv ICP <EQL
Sodium by ICP s0s
Vanadium by ICP 30.4
Zinc by ICP 38.1
Boron by ICP 157
tizrcury by CVARAER <EQL

Sample Description: Slag DES-#10-Grab-3

Analvte Description Result
Total p by EPA 365.2 <EQL
Thallium by 1CP <EQL
Aluminum by ICP 7570
Antimeny by ICP <EQL

Ross Analytical Services, Inc

Units
g /Kg
mg /Kg
mg/Kg
mg/Kg
mg/Kg
mg /Kg
mg/Rg
mg /Ky
mg/Kg

Labk No.:

Lab No.:

o
o)
1~
[ad
n

j

3 w0

[TSR B

R )
Hlae

R v

3
L]

mon
o

08

cs

EQL
20
10
50
1.0
S0
1.0
2.0
5.0

0.08

EQL
0.020
0.40
10

10

10

Q)

.20

20
1.0
1.0
2.0

10
5.0

i0

Q.50
1.0
2.0

20

10

50

1
]

50

.5 I 6 B )
=)

.0
0.08

oy

Reported:

06/12/97



Work Order # 97-05-181 Ross Analytical Services, Inc
Analyte Description Result Units
Arsenic by ICP <EQL mg/Kg
Barium by ICP 34.1 mg/Kg
Beryllium by ICP 1.81 mg/Kg
Cadmium by ICP <EQL mg/Kg
Calcium by ICP 8350 mg/Kg
Chromium by ICP 24.5 mg/Kg
Cobalt by ICP 5.62 mng/Kg
Copper by ICP 13.9 mg/Kg
Iron by ICP 16,3900 mg /¥y
Lead by ICP 9.07 mg/Kg
Magnesium by ICP ' 1220 wmg/Kg
Manganese by ICP 29.4 mg/Kg
Molybdenum by ICP 2.78 mg /Kg
Nickel by ICP 22.6 mg/Kg
Potassium by ICP 1370 mg /Ky
Selenium by ICP <EQL mg/Kg
Silicon by ICP 941 mg /Ky
Silver by ICP <EQL mg/Kg
Sodium by ICP 546 ng/¥g
vanadium by ICP 23.0 mg/Kg
Zinc by ICP 40.0 ) mg/Kg
Borcon by ICP 122 ng/xg

Mercury by CVAR <EQL mg/Kg

EQL

HIVIVITT

Reported:

06/12/57
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Work Order # $7-05-1B1 Ross Analytical Services, Inc Reported: 06/12/97

Sarple Description Ceoal Slurry DES-H1-COMP-1 Lab Mo. 01
Test Description TCLP list metals Tes: Code TCMETS

TCLP BEGUN 05/29/97
MEIRCURY DIGESTED 05/30797 MERCURY AMALYZED D05/30/37 DILUTION FACTOR 1

OTHER METALS DIGESTED 05/27/97 OTHER METALS AMALYZED 03/30/57 DILUTION FACTOR 1

[

IITS mg /L
PEZRCENT

CES Mo MITAL RESULT RICOVERY EQL
7440-38-2 Arsenic <27L . 0.52
7440-39-3 Barium 0.3s2 _ ¢.020
T440-33-9 Cadmium <EQL - 0.025
7440-47-3  Chromium <E3% - £.0590
7439-32-1 Lead ' <ZQL _ 0.25
7439-87-8 Mercury <EQL _ 0.0020
7782-49-2 Selenium sZ9L _ 0.5C
7440-22-4  Silver <EQL - 0.050

¥ote - Copper, nickel, and zinc are not reguired by Federal RCRA regulations bui are reguired by somes s:tates.

7410-50-8 Ceoppar N3 —_— 2210
7440-02-0  Nickel . Na _— — 0.1

1440-65-6  Zine DUV ;7. —L.1c



OO0 10

Work Order # 97-05-181 . Ross Analytical Services, Inc. . Reported: 06/12/37
Sample Description Coal Slurry DES-I#1-COMP-1 Lab No, 01
Test Description TCLP list pesticides Test Code 808OTC
TCLP BEGUM 05/29/97 DATE EXTRACTED 06/02/97 DATE RUN  06/05/97
DILUTION FACTQR 1.0 wilts ___  _me/L
ANALYTICAL BERTENT
CAS No. CCMPOUND ' RESULT PECOVERY ECL
§7-74-9 Chlordane __ <EQL - G013
72-20-8 Endrin V. 3L - 0 6993
76-44-8 Hentachlor and its epoxide <EQL I 0.0903
58-859-9 Lindana . <=L _ 0.0C03
72-43-5 Methoxychlox <EQL A __0.0024
8001-35-2  Toxaphens <EQL - 0.013
SURROGATE ¥RECOVIRY LIMITS
Tetrachlerc-m-xylene 8s 49 - 160

s
[=]
'
-
wn
(=]

Cecachlorgobiphenyl 100
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Work QOrder I 97-05-181 Rass Analytical Services, Inc Reported: 06/12/97
R Sample Description Coal Slurry DES-f11-COMP-1 Lab No. p1
*  Test Description TCLP list herbicides Test Code B150TC
TCLP BEGUN 05/28/%7 DATEZ EXATRACTED 0&5/Q2/97 DATE AMNALYZED 05/06/57
DILUTION FACTOR 10 UNITs ___ mg/L
ANALYTICAL PERCENT
CAS No. CoMPOUND RESULT RECOVERY EQL
94-75-7 2,4-D <EQL — 0.010 ‘
531-73-1 2,4,5-7? {S:lvex) . <ZQL 0.01¢
SURACGATE SRTCOVERY IMITS

2,4-D8 101 80 - 129



Work Order # 97-05-181

Sample Description

Test Description

TCLP BEGUN 05/29/97

Ross Analytical Services,

Coal Slurry DES-H#1-COMP-1

TCLP iist semivolatiles Test

DATE EXTRACTED 05/30/87

DILUTION FACTOR

CAS No. CCHMBoLniD RESULT
Total cresols <EQL
136-46-7 1,4-Cichliercuenczens <ol
121-14-2 2,4-Dinitrozolusne <200
113-74-1 Havacnlerobanzene <ITL
£7-68-1 Hexachleorobutatadiens <EQL
67-72-1 Haxachlezoethans <E0L
©8-85-3 Mitrobenzens <ZJL
B7-86-5 Pentachlorcphencl e20L
11C-86-1 Pyridine <E7Y
65-95-4 2,4,5-Trichloropherol <EQL
E3-05-2 2,4.6-Trichlercphenol <EC
SURROGATE %RECOVERY LIMIT
Hitrobenzena-ds5 ES 45 -
2-Fluorobiphenyl £S5 30 -
Terphenyl-di4 71 ac -
Fhanol-ds €8 30 -
2-Fluorephencl 67 5 -
103 545 -

2.4,6-Tribromophensl

Inc

Lab He. 01

Code 8270TC

Reported: 06/12/97

DATE AMNALYZED 08/06/%7

1 UNITS ma/L,

AMALYTICAL

PZRCENT

S

110C
110

125

110

et
r
uw

i
()
(=]

EQL

ARV AV



OU001Y

Wotk Qrder # 97-06-181 Ross hnalytical Services, Ing Reporred:. 06/12/97

Sample Description Coal Slurry DES-/11-COMP-1 Lab No. 01

Test Description TCLP list volatiles Tast Code B240TC
ZUE BEGLY 05/29/957 DATE ANALYZED (08/02/%7 DILUTION FACTOR 1.0 WIITS ma /L

AALYTICEL PZRCENT
CAS No. COMPOUND RESULT RECOVERY ECL
7i1-43-2 Benzene — «<=3L c 025
556-23-5 Carben tetrachloride <EQL 0.02%
108-%0-7 Chlarckbenc2n2 <ZL g.025
§7-65-1 Chleroform —<E7h §.025
107-0%-2 1,2-Dichlorosthane ——2ECL G 02%
e
75-15-4 1,1-Dichloroechylens —=EQL 0.028
78-%3-3 Mathyl echyl ketone <EQL 0.050
127-15-4 Tetracnleroethylene <zCL 0.025
73-01-6 Trichlorsethylere <EQL 0,025
75-01-4 vinyl chloride <Z0L ¢ 052
SURROCATE %RZCOVERY LIMITS
1,2-Dichlcroechanz-d+ 123 0 - 1319
Taluegne-da 106 88 - 110

¢-8romeflucrebenzens 109 a5 - 120
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Work Order # $7-05-181 Rass hnalytical Services, Inc Reported: 06/12/97
Sample Description Coal Slurry DES-H1-COMP-2 Lab No, 02

"} Test Description TCLP list metals Test Code TCMETS

/

TCLP BEGUN 05/29/97

MERCURY DIGESTZD 06/30/97 MERCURY ANALYZID 05/30/97 DILUTICH FACTOR 2
OTHER METALS DIGESTED 05/27/27 OTHZR MzTALS ANALYZED 05/30/857 DILUTION FACTOR 1
UITS mo/L
PZaCINT

CAS HNo. MZTAL : RESULT RECCVERY z0L

7440-38-2 Arsenic <EOL _ 0.50

7440-39-3 Barium 1.03 —_— g.c2o

7440-43-9 Cadmium . <EQL - £.025

7440-47-13 Chromium <EQL _ 0.059

7435%-82-1 Lead <E2L _ 0.25

74319-97-6 Marcury QL . 0.08020

TTEL-6%-2 Selen:um <Z2L —_ 0.52

7440-22-4 Silver <EQL 0.050

fizte - Cepper, nickel, ang tinc are not reguired by Faderal RTRA regulations but are reguired by some s:tates.

7440-50-8  Cogper A N B 10
7440-02-0 Nickel NA Q.10

T450-66-6 Zinc B Q.10




Work Grder # 97-05-181 Rogs Analytical Services, Iic Reported:
Sacple Descriprion Coal Slurry DES-#1-COMP-2 Lab No. 02
Tast Description TCLP list pesticides Test Code B080TC
TILP BEGUW  035/29/97 DATE EXTPACTED 06/02/97 DATE RUN 06/05/%7
DILUTION FACTOR 1.0 UNITS na/L
RANALYTICAL PZRCENT
CAS No. CoMBQULID RESULT BECOVERY EQL
87-74-9 Chlordane —_ <EQL _ 0.013
72-20-5 Zndrin S B0 — c.0013%
76-44-8 Hzprachlor and its epoxide <EZOL _ 0.0003
S5-89-9% Lirdane <ZQL _ 0.0001
72-43-5 Methoxyenler <EQL . 0.0024
8001-35-2  Toxaphene <EQL _— 0.013
SURRQGATE $RECOVERY LIMITS
Tetrachleoro-m-xylene 160 .40 - 160

Dscachliorobiphenyl - 63 40 - __ 150

06/12/97

00001y



Work Order # 97-05-181 Ress Analytical Services, Inc Reported: 06/12/57
Sample Description Coal Slurry DES-{l1-COMP-2 Lab No. 02
Test Description TCLP list herbicides Test Code B1507TC
TCLP BEGUM  05/23/87 DATE EXTRACTED 06/02/97 DATE RMNALYZED 06/08/91
DILUTION FACTOR 1.0 WITS ma/L
ANALYTICAL PERCENT
CAS No. CoMPOUH RESULT RECOVERY EQL
34-75-7 2.4-D <ZQL €20
§3-72-1 2,4,5-TF (Silvax) L Cle
SURRCGATE 4RECOVERY LIMITS
2,4-D3 101 80 - 120

(HJH“M;



SIS

work Ordci # 97-05-181 Ross Analytical Servieces, Inc - Reperted: 06/12/9%7
i Sample Description Coal Slurry DES-#1-COMP-2 Lab Mo. 02
Test Description TCLP list semivolatiles Test Code 8270TC
TCLP BIEGUN 05{29/97 DATZ EXTRACTED %_{}_Qi’_?__?_ DATZ AMNALYZED 05/06/97
DILUTION FACTOR H wITS _  mz/L
ANALYTICAL FERCENT
CA5 No. COMEPCRID REISULT RECOVERY EQL
Toral cresals <EQL 0.32
108-456-7 i,4-Dichlerobencens <EJL 0.10
121-14-2 2,4-Dinitrozoluensz <EJL 0.10
115-74-1 Haxachlorobentene < IO, 0.:1%
B7-83.3 Hexachlorobutatadiene <EQL p.10
£7-72-1 Haxachloroethans2 <EJL 0.10
$6-95-3 Nitrobenzene <EQL 7 0.10
g7-86-5 Pentachlorcphencl <EQL 0.50
110-85-1 Pyridine <Z3L 3.10
95-95-4 2,4,%-Trichleropnenol <EQL c.10
88-06-2 2,4,6-Trichlorophenol <EDL 0. 1c
SURRCGATE YRECOVERY LIMITS
Nitrobenzene-ds 77 a5 - 110
2-Flusrebiphenyl 14 g - 110
Terphenyl-did 75 40 - 1235
Brhanol-ds 79 - 1l3
2-Fluorophenol 78 5 - 125
2,4,8-Tribromophenol 102 45 - 130




)

Work Qrder # 97-05-181

Sample Description

Test Descriprtion

ZHE BEGUW

CAS No.

56-23-5

103-80-7

107-04-2

75-35-4

78-91-3

127-18-4

79-01-¢

75-01-4

1,2-Cichloroachane-ds
Toluena-dg 108

4-Bromoflucrobenzene 162

05/29/97

COMPOUND

Bancene

Carben tetrachlorids
Chlorco2antanz
Chlaroicrrm
1,2-Dichlgorgethane
1,1-Dichloroechylene
Machyl ethyl ketone
Tg:rachlor:e:hylene
Trichloroethylene

Vinyl chloride

SURROGATE

Coal Siurry DES-H1-COMP-2
TCLP list volaciles

DATE ANALYZED 06/02/97

YRECOVERY

103

Reoss Malytical Services, Inc

Lab No.
Tast Code

ANALYTICAL

RESULT R

LIMITS

o
(=)
+
b
i}
=]

@
w
'
-
.
[=3

.}
ur
'
ot
LV}
]

02
8240TC

Reported:

DILUTION FACTOR 1

0.05¢

06/12/97

sl UNITS

ma/L

00001y



Work Order # 97-05-181

Ross Analytical Services, Inc Reported:

Sample Description Coal Slurry DES-H1-COMP-3 Lab No. 03

Test Descriprion TCLP

TCLP BEGUN 05/2%/97

‘TRCURY DIGESTED 05/30/97

OTHER MEITALS DIGESTED

NIt ra/l

CAS Neg. MITAL
74520-38-2 Arsenic
7440-39-3 Barium
7440-43-9 Cadmium
75430-47-3 Chromium
7439-92-1 Lead

M .7439-9?-6 Mercury
T782-49-2 Seleniua
7440-22-4 Silver
Noce - Copper, nickel,
744C-50-8 Copper
1440-02-0 hickel

7440-66-8 Zinc

list metals

Test Code TCMETS

MERCURY AMNALYZEZD 05/30/97 PILUTI
£05/27/97 GTHER MEITALS ANALYZED 08/30/97 DILUTI

and zinc are not

PZRCENT

06/12/57 U“””lf)

ON FACTCR 1

ON FACTCR 1

RESULT RECOVERY QL
<EQL o 6.50
6.787 - 0.020
<EDL - 9,015
<EICL - 6.050
<EQL — Q.25

‘ <EQL — q.oozo
<E2L - 0.50
<EQL _ 8.050

required by Federal RCRA regulations

NA 0.10
NA 0.19
MA c.10

but are required by some stcates.
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Work Ordqt  97-05-181 . Ress Mhnalytical Services, qu Reported: 06/12/97
Sarple Degcripcion Coal Slurry DES-H1-COMP-3 Lab No. 53
Test Description TCLP list pesticides Test Code H080TC
TCLP BEGUN 05/29/97 DATE EXTRACTED 06/02/97 DATE RUN 06/05/57
DILUTION FACTOR 1.0 UNITS __ me/L
ANALYTICAL FERCENT
CAS No. ToMPORND RESULT RECOVERY ECL
57-74-9 Chlordans <EQL _ §.013
72-20-8 Endrin <=L _ C.0Cg5s
75-44-8  Heptachlor and its epoxide <EQL e 0.09063
53-83-9 Lirdana <ECL _ c.coel
72-43-5 Methoxychlor <EQL - 0.0024
8001-35-2 Toxaphene <EQL —_ 0.013
SURROGATE Y¥RECCVERY LIMITS
Tetrachloro-m-xylens 97 40 - __16Q

Dacachlorohiphenyl 110 a8 - 150




Work Order # 97-05-181 Ross Analytical Services, Ine Reported: 06/12/97
Sample Description Coal Slurry DES-#1-CCMP-2 Lab No. 03
Test Descriptiecn TCLP list herbicides Test Code B15QTC
TCLP BEGUN 05/28/97 DATE EXTRACTED 06/02/§7 DATE ANALYZED 08/06/97
DILUTION FACTOR 1.0 UNITS mg/L
AMALYTICAL PERCENT
CAS No. COMPOUND RESULT RECQVERY EQL
94-75-7 2,4-D ) <EQL .010
93-72-1 2,4,5-TP (Silwvex) <EQL 0.010
SURRCGATE YRECOVERY LIMITS

2,4-DB 104 80 - 120

Do



Work GQrder # 97-05-181

Sample Description

Test Description

Coal Slurry DES-HL-COMP-3 Lab No. 03
TCLP list semivolatiles Test Code B270T1C

TCLP BEGUW 05/29/97 DATE EXTRACTED (05/30/97 DATE AMALYZED
DILUTION FACTOR 1 UNITS ma/L
ENALYTICAL PERCENT
CAS No. COMPQUND RESULT REZOVERY
Tocral cresols <EQL
106-46-7 1,4-Dichlorcbenzene <EQL
121-14-2 2,4-Dinitrotoluena <E0L
118-74-1 Hexachlorokbenzene <EQL
87-68-13 Hexachlorobutatadiene <EQL
67-72-1 Hexachlorcethane <EQL
98-95-3 Nicrobenzens <EQL
g87-8g-5 pPentachlorcphencl <E0L
110-g5-1 Pyridine <E2QL
$5-25-4 2,4,5-Trichlorophenal <EQL
28-p6-2 2,4,6-Trichlorophenol <ZQL
SURROGATE {RECOVERY LIMITS
Nitrobenzene-ds 75 45 - 110
2-Fluorohiphenyl 8o 30 - 119
Terphenyl-dlq 104 47 - 125
Phenol-ds 70 30 - 110
2-Fluorophenol 63 5 - 125
2,4,6-Tribromophenol 1239 i5 - 132

Rosg Analytical Services, fnq . Reported: 06/12/97

06/10/97

EQL




Work Crder # 97-05-181

Sample Description

Test Description

CHE BEGUN 05/29/97 DATE ANALYZED
CAS No. COMPOLD
71-43-2 Benzene
56-23-5 Carbon tetrachloride
108-90C-7 Chlorobanzana
£7-66-3 Chloroform
137-06-2 1,2-Dichloreechane
76-35-4 1,1-Dichloroethylene
78-%3-2 Methyl ethyl kecone
127-18-4 Terrachloroethylene
75-41-6 Trichloroethylens
75-01-4 Vinyl chlerida
SURROGATE $RECOVERY
1.2-Dichlorcethane-d4 101
Toluene-ds 104

4 -Bromofluorobenzene 102

Coal Slurry DES-H#1-COMP-3
TCLP list wvolatiles

Tes

Qs/03/97

ANALYTICAL

RESULT

LTM

o
L=l
'

m
o
¥

o
w
'

|

Ross Analytical Services, Inc

Lab No. 03
t Code B82407TC

DILUTION FACTOR 1.

ITS

Reported: 06/12/97

EQL

Q.02

0.050

0.025

ma/L

DOOOL
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Work Order # 97-05-181 Ross Analytical Services,.Inc i Reported: 06/12/97
Sample Description Slag DES-#10-Grab-1 Lab No. 07
Test Descriptian TCLP list metals Test Code TCMETS {’7

TCLP BEGUN Q5/29%/97

MERCURY DIGESTED 05/30/97 MIRCURY ANALYZID 05/30/97 DILUTION FACTOR 1
OTHER METALS DIGESTED 05/27/97 OTHER METALS ANALYZED 05/30/%7 DILUTION FACTOR 1

UNITS ma/L

PERCENT
CAS No. METAL RESULT RECQOVERY EQL
T340-38-2 Arsenic €EZL C.%3
T440-19-3 Barium ___0.406 5.020
14420-43-9 Cadmium <EQL 0.C3¢
7440-47-2 Chromium <EQL 0.C50
743%+92-1  Lead o <EQL g.25
¥
7439-37-6 Mercury <E0QL 0.0020 ,
7752-49-2  Selenium <EQL 0.56
7440-22-4 S1lver <EQL 2.85¢

tiote - Copper, nickel, and zinc are not required by Fedaral RCRA regulations but are required Ly some states.

7440-50-8 Copper NA 0.1
7440-02-0  MNickel NA 0.1¢

T550-66-5 Zinc NA Q.10




Work Order # 97-05-181

| - ‘
| Sample Description Slag pES-H#10-Grab-1

! TCLP 1list semivolatiles

{. I Teat Description

TCLP BEGUN [05/29/97

DATE EXTRACTED 05/30/97

Rass Analytical Services, Inc

Reported:

Lab No. 07
Test Code §270TC

06/12/97

DATE ANALYZED 0Q4/10/97

mo/L
CILUTION FACTOR 3 R A
AMALYTICAL PERCENT
CAS Ho COMECLD RESULT RECOVEERY EQL
Total cresols . <EQL —_— — 0.3¢0
106-46-7 t,4-Dichlorobenzene <EQL — L~ .0.10
121-14-2 2,4-Dinitrotoluene .. <EQL - —0.10
118-74-1 Hexachlorobenzeae <EQL o —n.10
87-68-3 Hexachlorobutatadiene <EQL - £.10
67-73.1 Hexachloroechane — <EQL R _B.10
98-95.3 Nitrobenzene <EQL _ — 0.0
B7+86-5 Pentachlorophencl __<EQL _ ___0.s50
J 110-86-1  Ppyridine — <EQL _ —0.1¢
95-965.4 2.4,5-Trichlerophencl . =<EQL g.10
Ad-04-2 2,4,6-Trichlorophencl <EQL 0.10
SURROGATE %RECOVERY LIMITS
Nitrobenzene-ds 74 45 - 110
2-Fluorehiphenyl 71 0 - 110
Tarphenyl-dla g6 40 - 125
Phenol-ds 68 0 - 110
2+Fluarophenal (B2 5 - 125
T4, 6T thromophienel 119 45 - 130

CIRISTEIS

~
f



AT e i) . [P

Wwotk Orger # 97-05-181 Ross Analytical Services, Inc Reparted: 06/32/97
} Sazple Descripiion Slag DES-#10-Grab-i Lak tic. 07
© Te2s: Descripticn TCLP list volatiles Tes: Code B8240TC
THZ BEITON 05729797 PATS AMALYCED 05/03/37 DILUTION FACTO? 10 INITE e/l
RUALYTICAL BERCENT
CAS Mo, CCMEOLID RESVLT RSCOVERY ESL
71-53-2 Benzenz SECL . G oS
56-23-5 Carbon tetraciloride <=L — 0.025
108-30-7 Calorsgznzaszns <E9L —_— 9.223
67-65-2 Crlorofarm =30 . £.02%
137-06-2 1,2-Juenleroathans <IQL — C.p2s
75-35-4 1,1-Dichlorcezhylene <Z3L —— 0.325
73-93-3 Methyl ethyl kelone SENL —— 9 052
127-13-4 Tatrazhloroachylene ) <270 —_ C.C2%
79-01-6 Trichloroechylene <EQL e 9.0825
JE-01-4 Vinyl chloride <E2L — g.0%7
URRCGATE *RECOVERY LIMITS
1,2-Dicnlerzathane-d4d k| 8C - __130
Toluena.d2 105 __88 - 119
4-Bromofluorobancens 181 __B% - 120

PRV, S

T N ST AT R R )

e
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« Order # 97-05-181 Ross Analytical Services, Inc Reported: 06/12/97

bescription Slag DES-#10-Grab-2 Lab No. o8
s ~ cription TCLP list metals Tast Code TCMETS

TCLF BEGUN 05/29/97
MERCURY DIGESTED DS/10/97 MERCURY AMALYZED 05/30/59 DILUTION FACTOR

OTHER METALS DIGESTED (¢3/27/97 OTHER MEITALS ANALYZED £5/235/57 DILUTION FACTOR

LHITS ma/L

PERCENT
ChS No. METAL RESULT RETOVERY EQL
7440-38-2  Arsenic e SEQL —— 0.50
7440-39-3  Barium .. 0.13% - G.o%0
7440-43-%  Cadmium <EQL —_— G 025
7440-47-3  Chromium e <EQL — 9.830
. 743§-92-1  Lead <EQL e 6.3
7433-37-6  Mercury <EQL —_—— 0.0020
T162-4%9-2  Selenium <EQL — 0.50
7440-22-4  Silver <EQL e g.050

Nere - Copper, nickel, and einc are not required by Federal RCRA regulations but are raguired by samé states.

7440-50-8 Copper NA 0.140

7448-G2-0 Nickel N 0.1%9

TiiG-65-6 Zine NA 0.10

o



e wiuel F ¥7-05-381 Ross Analytical Services, Inc

Sample Description Slag DES-#10-Grab-2 Lab' No.. 08

Test Dascription TCLP list pesticides Test Code RO4QTS
TCLP BEGLNM 05{29/9? DATE EATPACTED R&/82/97 DATE ROY

DILUTION FACTOR 1.0 mIITS ma/L

ANALYTICAL BPERCENT
CAS No. COMPOUND RESULT RECQVERY
§7-74-9 Chlordane —=ERL -
72-20-8 Endrin e SEQL —_—
76-44-8 Heptachlor and its epoxide. ___ <EQL -
$8-85-8 Lindane <E0L —
72-43-5 Mathoxyonlor <ZQL _—
8001-35-2  Toxaphene —sEQL —_—

SURRODGATE YRECOVERY LIMITS

Terrachloro-m-xylens __ 55 40 - 169

{=]
¥
-
1l
<2

Decachlorobiphenyl B3 4

|

Reported: 06/12/97

86/05/97

EQL

0.011

0 DoDS

0.5003

00003

G.0024

0.013

(nno g

Y

-t



Work Order # $7-05-181 Ross Analytical Services, Inc Reported: 06/12/37
Sampie Descriprien Slag DES-H#10-Grab-2 Lab No. 08
' rest Descriprion TCLP list herbicides Test Code 8150TC
TCLP BEGUN 05/29/97 DATE EXTRACTED D06/02/97 DATE ANALYZED 05/06/57
DILUTICN FACTOR 1.0 WRIITS ma/ft,
ANALYTICAL PERCENT
CAS No. COMPOUND RESULT RECOVERY ETL
94-75-7 Z,4-D — ¢EQL 6.010
93-72-1 2,4,5-TP (Silvex) <=L 0.018
SURRQGATE $RECQVERY LIMITS

2,4-DB 107 80 - 120

NS



Sample Description

Test Description

Work Order # 97-05-181°

TCLP BEGUN 05/2%/97
DILUTICOH FACTOR

Rosg Mnalytical Services, Inc

Slag DES-H#10-Grab-2

CATE EXTRACTED

TCLP list semivolatiles Tes

05/30/%7

Lab No. 6a.
t Code §270TC

Reported: 068/12/97 ooy

o

DATE ANALYZED 06/10/57

1 wiTs . mS/T

ANALYTICAL BPERCENT
CAS No. CCMPOUND RESULT RECOVERY
Total cresals <EQL
106-46-7 1.4-Dichlorobenzene <EQL
121-14-2 2,4-Dinitrotoluene <EQL
118-74-1 Hexachklorobenzena —  =E0L
87-68-1 Hexachlorobutatadiene <EQL
£7-72-1 Hexachloroethane —  _<EQL -
98-95-3 Nitrobenzene - <EQL
87-85-5 Pentachlorophenol <EQL
110-86-1 Pyridine <ZQL
$5-55-4 2.4,5-Trichlerophenol <EDL
BB-06-2 2,4,6-Trichlorophencl <EQL
SURROGATE YRECCVERY LIMITS
Nitrobenzene-d5 £8 45 - 110
2-Flucrobiphenyl <3 39 - 110
Terphenyl-di4 g8 40 - 125
Phenol.d5s 53 g - 110
2-Fluargphenol 49 5 - 125
2.4,6-Tribromaphenol 99 45 - 130




Work Order # 97-05-181 Ress Analytical Services, Ind‘ Reported: 06/12/%7 {]flf){)kjlj

Sample Descripticn Slag DES-#10-Grab-2 Lab Mo. 08 ]
; Test Description TCLP list volatiles Test Code B240TC
ZHE BEGUN 05/2%/97 DATE ANALYZIED 06/02/%7 DILUTION FACTOR 1.0 UNITS ra/l
AMALYTICAL PERCENT
CAS No. COMPOUND RESULT RECOVZRY EQL
71-43-2 Benzene <ZRL - 0.025
§6-23-5 Carbon tetrachloride <Z0L _ 0,025
168-90-7 Chlorokenzene <EQL - 0.025
57-66-3 Chloroform <Z0L - 0.02%
107-05-2 1,2-Dichloroethane <EQL — 0.025
75-35-4 1,1-Dichloroethylene <EQL R 0.025
78-93-3 Methyl echyl ketone 2EQL R 0.050
127-18-4 Tatrachloroethylane <EQL . 0.025%
79-01-6 Trichloroethylene <EQL . 0.025
75-01-4 Vinyl chloride <EQL - 0.050
SURROQGATE $REZCOVERY LIMITS
1,2-Dichloroethane-d4 103 83 - 130
Teluene-d8é 108 88 - 110

co
]
[}
-
LN]
Ll

4-Bromaflucrobenzens 102




00005

Wark Order # 97-05-141 Ross Analytical Services, Inc Reported: 06/12/97
sample Description Slag DES-#10-Grab-3 Lab No. 09
Test Descriprion TCLP list metals Test Code TCMETS

TCLP BEGUN 05/28/57

MERCURY DIGESTED 08/30/97 MERCURY ANALYZED 05/30/97 DILUTION FACTOR )]
OTHER METALS DIGESTED 05/27/97 OTHER METALS ANALYZED 05/36/97 DILUTION FACTCR 1
UNITS ma/L
PERCENT

CAS No. METAL RESULT RECOVERY EQL

7440-38-2  Arsenic <EQL - 0.59

7440-39-3 Barium 0.904 R 0.020

7440-43-9  Cadmium <EQL - D.02%

7440-47-3 Chromium <EQL —_ 0,058

7439-32-1  Lead <ZQL - 0.25

7439-97-8  Mercury — <EQL R — —0.0020

77B2-4%.2 Selenium <EQL R i 0.50

7440-22-4  Bilver <EQL 0.080

Note - Copper, nickel, and czinc are neot reguired by Federal RCRA regulations but are reguired by some states.

7440-50-8  Copper NA 0.10

7440-02-0 Nickel NA g.10

7i40-86-8 Zinc MR 0.10




!

Hork Order # 97-05-181 Ross hnalytical Services, Inc Reported:
Sample Description Slag DES-#10-Grab-3 Lab No. 0%
Test Description TCLP list pesticides Test Code BOBOTC
TCLP BEGUN {£5/2%/97 DATE EXTRACTED (086/02/97 DATE RUN (06/05/57
DILUTION FACTOR 1. UNITS ma/L
ANALYTICAL PERCENT
CAS No. COMPOUND RESULT RECOVERY ECL
57-74-9 Chlordane <EQL 0.013
72-20-8 Endrin 0L 0.0005
76-44-8 Heptachlor and its epoxide <EQL 0.0093
53-83-9 Lindanea SIS 2.0003
72-43-8 Methoxychlor «EQL 0.0024
8001-35-2 Toxaphene <E0L 0.013
SURRCGATE $RECOVERY LIMITS
Tetrachlorc-m-xylene LR 49 - 169
Decachlorcbiphenyl 72 40 - 150

06/12/97

SITIRIE



Work Order ¥ 87-05-181" Ross Analytical Services, Inc Reported: 06/12/97

SRS

Sample Déscription Slag DES-H#10-Grab-3 Lab Ne. o9

Test Description TCLP list herbicides Test Code B150TC
TCLP BEGUN 05/2%/97 DATE EXTRACTED 06/02/%7 DATZ ANALYZZD 05/08757
DILUTION FACTOR 1.0 UNITS . mwa/L
ANALYTICAL PLRCENT
CAS No. COMPOUND RESULT RECOVERY EQL
94-75-7 2.4-D <EOL 0.010
93-72-1 2,4,5-TP [S1lvex) <EQL 0.010



Wark order # 97-05-181 Ross Analytical Services, Inc Reported: 06/12/97
Sample Description Sulfur PES-#11-CRAB-1 Lab No. 10
Test Description TCLP list herbicides Test Code 81507C
TCLP BEGUN 05/29/87 DATE EXTRACTED §6/02/97 DATE ANALYZED 06/06/%7
DILUTION FACTOR 1.0 UNITS Tall,
ANALYTICAL PERCENT
CAS No. COMPQUND RESULT REICOVERY EQL
$4-75-7 2.4-D <ZQL 0.010
§3-72-1 2,4,5-TP (Silvex! <EQL 0.010
SURROGATE YRECOVERY LIMITS
2,4-D8 112 aq - 125

000011



Work Order # 97-05-181 Ross Analytircal Services, Inc . Reported: 06/12/97
Sample Description Sulfur DES-#11-GRAB-1 Lab No. 10
Test Descriptioen TCLP list semivolatiles Test Code B270TC
TCLP BEGUN 05/29/57 DATE EXTRACTED 05/30/97 DATEZ ANALYZED 06/10/97
DILUTION FACTOR 1 UNITS __ mal/L
ANALYTICAL PERCENT
CAS Mo. CoM2oUND RESULT RECOVERY EQL
Taral crescls ——— SEQL 0.30
106-46-7 1,4-Dichlerobenzene <Z0L 0.10
121+14-2 2,4-Dinitrotoluene <EJL 0.10
118-74-1 Hexachlorobanzene <EQL 0.110
87-68-3 Hexachlorcburacadiene <EQL 0.10
£67-72-1 Hexachloreathane <TOL 0.0
58-95-3 MNirrabenzane - <EQL 0.110
87-86-5 Pentachlorephencl <EQL 0.50
119-86-1 Pyridine <E3L 0.10
85-95-4 2.4,5-Trichloroghanol <EQL 0.190
Ba-05-2 2.4,6-Tricnlorophencl <20 .10
SURRCGATE ¥RECOVERY LIMITS
Nitcrobenzene-ds ) 45 - 110
2-Fluorobiphenyl 17 g - 110
Terghenyl-did 93 a9 - 125
Phenol-d3 69 33 - 110
2-Fluorophencol £3 c - 12%

un
'
o
i
o

2,4,6-Tribromophenol 116 4

|



Work Order # $7-05-181 Ross Analytical Services. Inc’ . Reported: 06/12/97 000043

Sample Descripticn Sdlfur DES-#11-GRAB-1 Lab Mo. 10
Test Description TCLP list volatiles Test Code B8240TC
ZHE BEGUN 05/25/97 DATE ANALYZED 05/03/%7 DILUTION FACTOR 1.0 GNITS mall
AMALYTICAL PERCENT
CAS No. COMPOLD RESULT RECOVERY EQL
T1-42-2 Benzene —_ <EZ0L - 0.025
56-23-5 Carbeon tetrachloride <ERL - 0 025
108-90-7 Chlorobenzene <E0L - 0.025
67-66-3 Chlaraform <EZGL - §.C25
107-06-2 1,2-Dichlorosthane <EQL - 0,038
75-35-4 1,1-Dichloreoethylensa <E0L - 0.025
78-%3-3 Methyl ethyl ketone <EQL - 0.050Q
127-28-4 Terrachlorazathylene <EQL . 9. 025 ‘
79-01-6 Trichloreethylene <EQL _ 0.023
75.01-4 Vinyl chlorids <EQL _ 0.050
SURROGATE YRECOVERY LIMITS
1,2-Dichlorcethane-d4 101 80 - 1390

m
@
1
-+
[
[»]

Teluene-ds 107

[i.]
L
'
[
¥
[a]

4-Bromofluorobanzena 103
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Work Order # $7-05-181 Rass Analytical Services, Inc

Sample Description Sulfur DES-#11-GRAB-2 Lab Na. 11

Test Descriptieon TCLP list metals Test Code TCMETS
TCLP BEGUN 05/29/97
MERCURY DIGESTED 05/30/97 MERCURY AMNALYZED DS/30/97
OTHER METALS DIGESTED 05/27/%7 OTHER METALS AMALYZED 05/30/97
nITS ma /L

PERCENT

CAS No. METAL RESULT RECOVERY
T440G-36-2  Arsenac =73 N

T440-39-3 Barium

7440-43-9 Cadmium

7440-47-3 Chromaum

"7439-92-1 Lead

7415-97-¢ Mercury

7782-49-2 Selenium

T44G-22-4 Silver

Notz - Ceppar, nicksl, and zinc are not

7445-50-8 Copper

T440-02-0 tickel

7440-66-6 Zinc

A
U]
=

A
ey
&)

Reported: 06/12/%7
DILUTION FACTOR 1
DILUTION FACZTGR 1

EQL

(s}
w
=]

0.020

0.025

g.450

0.050

required by Faderal RCRA regulations

NA

NA

0.10

bur are required by some states.

0000
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Work Order § 97-05-181 Ross Analytical Services, Inc Reported: 06/12/97 U()()().}rd

Sample Description Sulfur DES-#11-GRAB-2 Lab dNo. 11
Test Description TCLP list pesticides Test Code BOAQTC
TCLP BEGUN 05/29/97 DATE EXTRACTED 06/02/397 DATE RUN 05/05/97
DILUTION FACTOR 1.0 wwITs __ . ma/lL
ANALYTICAL PERTENT
CAS No. COMPOUND RESULT RZCOVERY ) EQL
57-74-9 Chlordane <EQL _ 0.013
72-20.8 Endrin <EQL o 0.000%
76-44-8 Heptachlor and its epoxide <EQL - 0_02¢e3
58-89-9 Lindane o <EQL - 0.0p073
T12-42-5 Mzthoxychlor — <EQL — Q.0024
80C01-38-2  Toxaphene <EQL _— C.0%3
SURRCGATE 3RECOVERY LIMITS
Tetrachloro-m-xylene 100 — 40 - 160

(=]

Decachlorobiphenyl 110 40 - 15

|



Work Order # $7-05-181 Ross Analytical Services, Ine Reported: 06/12/97

Sample Description Sulfur DES-#11-GRAB-2 Lak No. 11
Test Description TCLP list herbicides Test Code 8150TC
\
TCLP BEGUW 05/29/37 DATE EXTRACTED (06/02/57 DATE ANALYZED 05/06/97
DILUTION FACTCR 1.0 wWITs . mo/L
ANALYTICAL PERCENT
CAS No. COMPOUND REISULT RECOVERY EQL
54-75-7 2,4-D <EQL - _9.010
33-72-1 2,4,5-TP (Silvex} <EQL g.010
SURRIGATE $RECOVERY LIMITS

2,4-08 —..19% ga - 129

SISTEIFR TS



Work Order # %7-05-181 Ross Analytical Services, Inc Reported: 06/12/97

OO0y

5

! Sample Description Sulfur DES-#11-GRAB-2 Lab No. 11
Test Description TCLP list semivolatiles Test Code 82707C
TCLP BEGUNW 05{29/97 DATE EXTRACTED 05/30/97 DATE ANALYZED Q6/11/67
CILUTION FACTOR 1 WIITS ra/L
RMALYTICAL PERCEINT
CAS Noa. COMPOUND RESULT PECOVERY EQL
Tatal cresols <EQL 0.1390
106-46-7 1.4-Dichlorobenzene <EQL 0.10
121-15-2 2,4-Dinitrotoluens <EQL c.10
118-74-1 Hexachloraobenzene <EDL 0.10
87-68-1 Hexachlorovbutatadiene <EQL 0.19
67-72-1 Haxachlorcethane <EQL 0.1cC
98-95-1 Nicrobenzene <EQL 0.10
!
B7-86-5 Pentachlorcophenol <EQL 0.50
110-86-1 Pyridine <E0L 0.10
95-95+4 2.4,5-Trichloraphencl <EQL 0.10
83-06-2 2,4,6-Trichlorophencl <EQL 0.10

SURROGATE $RECCVERY LIMITE
Nitrobenzene-ds 73 a5 - 110
2-Fluorobiphenyl a0 0 - __110
Terphenyl-did 104 40 - 125
Phenol-d45 74 32 - 119
2-Fluorophancl 65 5 - 125
2.4,6-Tribromophenol 138 45 - 130




Work Order # 97-05-181

Sample Description

Test Description TCLP 1ist volatiles
ZHE BEGUN 05/29%/97 DATE ANALYZED
CAS No. COMPOUND
71-41-2 Benzene

56-23-5 Carbon tetrachloride
108.9%0-7 Chlorobenzene
E7-66-3 Chloroform
107~08-2 1,2-Dichloroethanea
75-35-4 1,1-Dichlorcethylene
78-93-3 Methyl echyl ketone
127-18-4 Tetrachloroethylene
19-01-6 Trichlorpethylene
75-01-4 Vinyl chloride
SURROGATE %RECOVERY
1,2-Dichlorecethane-d4 102
Toluene-dg __ic8

4-Bromofluorchenzena . 105

Ross Analytical

Sulfur DES-H#11-GRAB-2

Services,

Inc Reported:

Lab No. 11

Test Code 8240TC

06/02/97

ANALYTICAL

RESULT

<EQL

<EQL

DILUTION FACTOR

PERCENT
RECOVERY

LIMITS

pa
(=3
fal

|

-
e
o

|

b
L
o

|

1.

EQL
0.C25

—iri—

0.025%

__0.025

__9.025
0.02%

__9.05¢

9.025

0.050

06/12/97

Y

UMITS

ra/L

STISIERTS
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Work Qrd # 97-05-181 Rogs Analytical Services, Iac Reported: 06/12/97
rder - -
" Sample Description Sulfur DES-#11-CRAB-3 Lab Mo, 12
| <SaTe=: Description TCcLP list metals Test Cods TCMETS
TCLP BEGUN 05/29/97
MERCURY DIGESTED 05/30/97 MERCURY ANALYZED 05/30/87 DILUTION FACTOR ___ 1
OTHER METALS DIGESTED 05/17/37  OTHER METALS ANALYZED 05/30/87  DILUTICN FACTOR 1
: £ :
UNITS a/l
PERCEUT
CAS Wo METAL RESULT RECOVERY EGL
1440-38-2  Arsenic <EQL _ ¢.59
1440-39-)  Barlum 0158 - 0.020
7440434  Cadmium <EQL — 0.025
¢ [ utd . <

144944741 Chromium S 3 303 G.950

/13949201 Lead <EQL 0.25

Q 7439:97.6  Marcury ’ ——SEQL 9.0020

U1702-49:2 8elealum <EQL - 0.50
_adBaI2ed Sllver <E3L o oso

Hote s+ Copper. nickal, and zinc are not required by Federal RCRA regulations but are re2guired by some states.

i Cappar NA 0.10
“U440e0Xs0  Nickel ’ NA C.10

ThAN 660 PR

‘_".
-
(=]
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Work Order # 97-05-181 Ross Analytical Services, Inc Reported: 06/12/97 ”“U()b”
Sample Oesceription Sulfur DES-H11-GRAR-2 Lab No. 12 —

- .
Test Description TCLP list pesticides Test Code BOBOTC { .

TCLP BEGUN (5/29/97 DATE EXTRACTED 06/02/97 DATZ RUN 05/05/97
DILUTION FACTOR 1.0 UNITS __  me/L
ANALYTICAL PERCENT

CAS No. coMpPOUND RESULT RECQVERY EQL
57-74-% Chlordane o <EQL - 0 013
72-20-8 Erdrin <EQL . n_noos
75-44-8. Hepcachler and 1ts epoxids <E0L - 0.0003
S2-89-% Lindana _ <EQL - 0.0003
72-43-5 Mathoxyehler <E2L - 0.0024
8001-3%-2 Toxaphene <EQL - 0.013

SURROGATE ¥RECOVERY LIMITS
Tetrachlorc-m-xylene 110 40 - __ 180 {v‘.',,

becachlorobiphenyl 130 40 - ___1%0
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Work Order # 97-905-181 Ross Analytical Services. Inc Reported: 06/12/97
Sarple pascription Suliur DEs-Iil-CRAR.3 Lab no. 12
Test Descripilon TCLP ligy semivolatiles Test Code B2igpc
TCLP BEGUN  p§/29/97 DATE EXTRAMCTED 05/30/87 DATE WiALYZED 08710797
DILUTION FACTCR 1 wits  __ mefL -
AALYTICRL PIRCEN
CAS Mo. CCrPoWND RZSULT BLCOVERY EQL
Total cresols . <E — 0.10
106-46-17 1,4-Dichlorokenzent e—<EQL — 9.10
121-14-2 2.4-Dinicroteoluene o sEDL C.10
118-75-1 Haxacnlorchenzene <L 0.13
87-68-3 Hexachloroburatadiene <2QL — 2.19
§7-72-1 Kexachloroethane <EQL . 0.190
$3-95-3 Nitrobanzene —_=<EQL — ___0.10
847-86.5 Pentachlorephrnol __=<EQL C.5¢6
110-85-1 Pyridina . <EgL — 0.10
95-35-4 2.4,58-Trichlerophenel <EQL 0.19
§E-06-2 2.4,6-Trichlorophenol <200 .10
SURRAGATE $RETJQVERY LIMITS
Nitrobanzene-ds £9 45 - 110
2-Fluorebiphenyl 67 30 - 118
T‘.’:phenyl-dl‘i 99 40 - 125
Phencl-dS 64 30 - 110
2-Fluorophenol 58 5 - 135
2.4,6-Tribromophenal 115 a5 - 11n




Work Order # 97-05-181 Ross Analytical Services,lxnc

Sarple Description Sulfur DES-#11-GRAB-1
Test Description TCLP list herpicides Test Code
TCLP BEGUN 05/29/37 CATE EXTRRCTED 0§/02/97 o}
DILUTION FACTOR 1.0 WITS —— _ mallL
AMALYTICAL
CAS No, COMPOUND RESULT
94-75-7 2.4-D <IOL
93-72-1 2,4,5-TP (Silvax] <EQL
SURRGGATE ¥RECOVERY LIMITS

2,4-08 103 as . ‘s

Lab No.

Reported: 06/12/91

1y
BigoTC

ATI pMALYZED 06/05 /57

PERCENT
RECOVERY EQL
— 8010
— - B.010
o]



